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ABSTRACT 
In recent times, focus on plant research has increased globally and the large 
body of collected evidence shows the immense potential of medicinal plants. 
The use of medicinal plants may prove to be a useful approach towards the 
management of stress-linked mental health problems. Ocimum sanctum (OS) 
. . . • • » 
and Camellia sinensis (CS) are well known medicinal plants. Both of these 
plants contain a considerable amount of flavonoids and polyphenols. They 
have aroused considerable atteritioii'iii recent years for preventing oxidative 
stress-related disease. So this study was designed to compare the effects of 
OS with respect to CS against restraint stress (RS) in Rattus norvegicus. The 
novelty of this work is that it depicts a comparative account between OS and 
CS on stress-induced alterations instead of the usual work done on a single 
plant. 
The present research work in the thesis is divided into introduction 
and review of literature followed by five chapters and relevant bibliography. 
Chapter I discusses the stress-induced neurobehavioral changes i.e. 
anxiety and depression like behavior by elevated plus maze test (EPM), open 
field test (OFT), tail suspension test (TST) and forced swimming test (FST). 
Restraint stress (Sh/day for 6 days) induced significant reduction in both the 
number of open arm entries as well as the time spent in the open arms of the 
1 
EPM. Post treatment of aqueous extracts of OS and CS (100 mg/kg for 6 
days) attenuated the RS-induced suppressions in the EPM parameters. A 
marked increase in the latency, decrease in ambulation and rearing was 
observed when the animals were exposed to RS in OFT. OS and CS 
attenuated the RS effects on the OFT. A significant increase in immobility 
period was observed in TST and FST with RS. OS and CS inhibit the 
increase in immobility period in stressed rats. OS shows higher anti-anxiety 
and antidepressant activities in comparison to CS. 
Chapter II presents a detailed description of lipid peroxidation (LPO) 
as a biomarker for oxidative stress and importance of sulfhydryl groups in 
cellular defense. The level of the rate of MDA, a marker of LPO, increased 
while total and free sulfhydryl groups (TSH and GSH) were decreased in 
cerebrum, cerebellum and brain stem after RS. A significant depletion in the 
lipid peroxide level and increase in TSH and GSH levels were observed in 
all three regions of brain after post administration of OS and CS. The LPO 
inhibition and TSH, GSH elevation property of these adaptogens is of the 
order: CS>OS. 
Chapter III deals with enzymes related to antioxidant defense and 
emphasizes their fiinctional importance in view of ameliorative action of OS 
and CS on stress induced alterations in different parts of brain. The enzymes 
tested were superoxide dismutase (SOD) and catalase (CAT). Significant 
inhibition of SOD and CAT activities were observed in studied brain parts 
after RS. Administration of OS and CS in combination witii RS exhibited 
improvement in the level of SOD and CAT. The elevation of SOD and CAT 
isoforder:OS>CS. 
Chapter IV elaborates on effects of stress and its protection by OS and 
CS on central dogma •DNA • RNA • Protein. In this study, 
restraint stress led to depletion in the levels of DNA, RNA and protein in 
different regions of brain by oxidatively modifying them. OS and CS when 
given in combination with RS ameliorated the level of DNA, RNA and 
protein by virtue of their antioxidant effects. DNA, RNA and protein 
protection with these medicinal plants in as following order: OS>CS, 
CS>OS and OS>CS, respectively. 
Chapter V discusses the importance of OS and CS in stress induced 
genotoxicity. It consisted of micronucleus test (MNT) in the bone marrow 
cells of Rattus norvegicus. A significantly high value of MN induction 
occurs in PCEs on sixth day of RS exposure, OS and CS were not shown 
any mutagenic effect on the bone marrow cells of rats while they reduced the 
effect of RS with combination of CS and OS respectively. OS shows higher 
protection in comparison to CS. 
Taken together, it appears that exposure to sub acute restraint stress 
induces differential alteration of behavioral and oxidative stress markers like 
lipid peroxidation, antioxidant substances and enzymes in different parts of 
brain (cerebrum, cerebellum and brain stem) of male albino rats. Restraint 
stress also induced micronuclei (MN) on the bone marrow cells of rats. 
These changes are consistently reversed by aqueous extracts of OS and CS 
treatment indicating their antioxidant, antistress and antimutagenic activities. 
The overall findings of this study suggest that restraint stress used in this 
study is a definite stressor and OS and CS are antioxidant which improved 
the level of biochemical parameters to decrease free radical damage and 
ameliorated behavioral performances and genotoxicity. OS and CS when 
administered alone did not induce any change in all the parameters studied. 
In the light of these observations, we can suggest that both of these 
plants are partially efficacious in prevenfing disturbances of 
neurobehavioral, neurochemical and cytogenetic studies. They may reduce 
neurodegeneration and genotoxicity induced by restraint stress and promote 
healthy aging. These beneficial effects of OS and CS can result fi-om the 
inhibition of free radical chain reactions generated during oxidative/restraint 
stress. However, detailed study of mechanisms involved in the adaptogenic 
actions of these plants could be the subject of further investigations. In our 
study we find out that OS shows higher protection as compared to CS. So, 
we can say that OS is more protective to ameliorate the stress-induced 
alterations in neurobehavioral, neurochemical and cytogenetic studies. 
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INTRODUCTION AND REVIEW OF LITERATURE 
STRESS 
Stress is conceived as an aversive stimulus capable of altering physiological 
homeostasis and the ability to cope with such stressful stimuli is a crucial 
determinant of health and disease (Masood et al., 2003). Stress is often defined as 
a threat, real or implied to homeostasis, and homeostasis refers to the maintenance 
of a narrow range of vital physiological parameters necessary for survival, which 
is often threatened by stress directly or indirectly. According to Selye, stress is the 
nonspecific response of the organism to any demand made upon it but this 
definition would not be satisfactory any more, because it is so wide that any 
physiological response and any external stimulus could be brought under this 
concept (Selye, 1956). Stress is also defined as a condition in an organism that 
may be either external or internal origin (Von Borell, 2001). It is a very divergent 
phenomenon, ft was generally felt that there is a natural tendency to speak of a 
stress situation only when the demand exceeds a certain level and is experienced 
as undesirable or unacceptable, ft is known as one of the most important reasons 
of several diseases (Johnson et al., 1992). Stress is an internal or external stimulus 
that can disturb the physiological homeostasis and the ability of the biological 
system to cope with such stressfiil inputs and is regulated by complex mechanisms 
in which the central nervous system (CNS) plays a crucial role (Carrasco and 
Vandekar, 2003). The concept of 'stress' has considerably evolved over the years 
since its introduction by Selye to biology and medicine and several cellular and 
molecular concepts have been forwarded to explain these responses. Intensive 
stress has detrimental effects on organism by causing cellular and tissue injury. 
The mechanisms underlying stress-induced tissue damages are not yet fully 
understood, however, accumulating evidence has implied that the production of 
free radicals plays a critical role in these processes (Madrigal et al., 2002; Zaidi et 
al., 2003). Free radicals are highly reactive moieties which play a crucial role in 
health and disease (Hollan, 1995). Several animal stress models of various 
stressors such as acute cold immobilization (Kovacs et al., 1996), acute restraint 
(Zaidi and Banu, 2004), repeated footshock sessions (Bhattacharya et al., 2000), 
isolation stress (Pajovic et al., 2005) have been developed to understand the 
biochemical mechanism of mental disorder and to develop fundamental therapies. 
Restraint /immobilization stress is a well-known method for the production of 
chronic physical and emotional stress (Singh et al., 1993). Restraint stress resulted 
in the generation of oxidative stress/reactive oxygen species (ROS). ROS has been 
implicated in a variety of pathophysiological states (Irshad and Chaudhuri, 2002). 
The brain is particularly susceptible to oxidative injury because of its high oxygen 
consumption, abundant lipid content and limited antioxidant defense system 
(Halliwell and Gutteridge, 1985). 
Selye and Canon, introduced the term 'stress' in biology (Canon, 1914; 
Selye, 1936) and defined it as "any new situation like chemical, physical, 
environmental, emotional and psycho-social stressors which disturb homeostasis 
and, thereby induces a general adaptation response designed to restore the initial 
level of stability e.g., adaption (Selye, 1950). Stress is an aspect of our daily lives 
and conversations, and yet there is considerable ambiguity in the meaning of this 
word. Lazarus (1976) said that stress should be considered an emotion in and of 
itself, just like sadness and danger. Stress is an adaptive response that prepares the 
organism for a threatening situation (Halliwell and Gutteridge, 1984). It induces 
strain upon both emotional and physical endurance which has been considered a 
basic factor in the aetiology of a number of diseases e.g. cardiovascular diseases, 
cancer, diabetes mellitus etc. Yu (1994) advocated that stressful conditions lead to 
formation of excessive free radicals which are a major internal threat to cellular 
homeostasis of aerobic organisms. These free radicals are extremely reactive and 
unstable chemical species, which react with proteins, lipids, carbohydrates and 
nucleic acids in the body (Sevanian and Hochstein, 1985). The physical, 
psychological and experimental factors are among the most powerful form of 
stressors, e.g., novelty, with holding of reward and anticipation of punishment 
rather than punishment itself are among the most potent activators of 
hypothalamic-pituitary-adrenal axis and autonomic nervous system activity (Selye, 
1950). An extensive literature has shown that acute exposure to a variety of 
stressors produces an immediate analgesia in several pain tests (Lapo et al., 2003). 
Psychological stress has recently been identified as a major cardiovascular risk 
factor (Wittstein et al., 2005). Recently, various stress models and situations have 
been associated with enhanced free radical generation and altered antioxidant 
enzyme activities (Bauer and Bauer, 1999; Gumuslu et al., 2002). Alves de 
Almeida et al. (2007) also reported that both oxidative damage levels and 
antioxidant defense systems were strongly affected by the different environmental 
stresses in marine bivalves from the Brazilian coast. The influences of different 
stress models on the antioxidant status and lipid peroxidation in rat erythrocytes 
(Gumuslu et al., 2002), the effects of cold stress on different tissues (Sahin and 
Gumuslu, 2004) and its effects have been studied in several tissues, plasma and 
erythrocytes (Shaheen et al., 1996). Exposure to stress situations has been 
proposed to impair antioxidant defenses, leading to oxidative damage by alteration 
in the balance between oxidant and antioxidant factors (Bauer and Bauer, 1999). 
Oxidative damage has been shown to contribute the stress induced impairment of 
cognitive function (Abidin et al., 2004). Lavallo (1997) defined stress "as a bodily 
or mental tension resulting from factors that tend to alter an existing equilibrium". 
The concept of equilibrium is based on the notion that living organisms must 
maintain a balance between their internal environment and the external 
environment in order to survive and function optimally. 
Restraint stress 
When an animal is kept under control in such a way that it can not move its body 
known as restraint stress. For example, when a rat is kept in a mini cage with the 
result that its movement is restricted, it is said to be under restraint stress (Hasan, 
1985). Restraint stress is one of the commonly used laboratory stressors which 
have the apparent advantage of being relatively simple. It was further observed 
that this particular stressor is compounded of fear, isometric muscular activity, and 
muscle cramps due to specific positioning. According to Yuwiler (1971), restraint 
poses some problems since the magnitude of the stressor varies with experience 
and more subtly, with differences in positioning and handling the animals between 
experiments and experimenters. 
Seegal (1981) advocated that immobilization is usually selected as a 
stressor or as a means of inducing stress because of it's being simple and also due 
to the large number of studies that have employed this stressor (Kobayashi et al., 
1976; Du Ruisseau et al., 1979). The restraint technique had evolved as a standard 
laboratory procedure for studying stress effects (Pare and Glavin, 1986). Restraint 
procedures continue to be used in a variety of investigational settings to study a 
broad array of physiological and behavioral variables. Indeed, restraint and 
immobilization have become synonymous with stress. Many researchers assume 
that restraint and immobilization necessarily produce a stress response, while there 
is ample evidence to suggest that this is indeed the case, this assumption is not 
always warranted. Some investigators have reported the use of restraint without 
providing any description of the restraint procedure (Livezey et al., 1987). Singh 
et al. (1993) reported that immobilization stress is an easy and convenient method 
of inducing both psychological and physical stress (muscle work) resulting in 
restricted mobility and aggression. 
The basic restraint procedure involves confining the rat in a Quonset hut 
style, or cylindrical, plastic tube for time periods ranging from 5 minute (min) to 
several hours. Wong and Rahwan (1990) reported the procedure of interesting test 
tubes within the restraining cage to equate the degree of restraint when using rats 
of different body sizes. Jacket restraint, studied by Mikhail and Holland (1996) has 
maintained contemporary interest because research animals have been fitted with 
jackets, tethers, or harnesses. Prior experience with restraint stress is 
cytoprotective with respect to subsequent restraint episodes (Murison and Olafsen, 
1991). Some of the more informative restraint technique studies are those that 
have compared different stress procedures. Procedures that have been compared 
include the standard restraint (R) procedure (i.e. immobilizing the rat inside a tube 
device), supine restraint (SR), R plus water immersion (WR), conditioned fear 
responses, whole-body vibration, loud noise, foot shock, forced swimming and 
board restraint (BR). 
Effect of stress on central nervous system 
Brain is the target for different stressors because of its high sensitivity to stress-
induced degenerative conditions. The limbic system, the hypothalamo pituitary 
adrenal axis and several components of the visceral system react to a variety of 
stress inputs and complex interactions between them play a vital role in 
determining the outcome of the stress response (Mc Ewen, 2000). Stress induces 
changes in emotional behavior, which are closely related to anxiety like states 
(Ray et al., 2004). Chronic stress exposure may lead to breakdown of adaptive 
mechanisms resulting in precipitation of several neuropsychiatric disorders (Kloet 
et al., 2005). Restraint stress resulted into increased level of free radicals (Liu et 
al., 1996; Olivenza et al., 2000), CNS is especially vulnerable to free radical 
damage because of brain's high oxygen consumption, abundant lipid content and 
relative paucity of antioxidant enzymes compared with other tissues (Halliwell and 
Gutteridge, 1985). Oxidative stress mediated cell damage in the pathophysiology 
of several CNS disorders has also been suggested (Ozcan et al., 2004). The 
deleterious effects of an imbalance between free radical production and the 
available antioxidant defense capacity, termed oxidative stress have been 
implicated in stress pathogenesis (Yu, 1994). The balance disturbance in favour of 
activation of free radical processes was observed with maximal changes in the 
brain after immobilization stress (Voronych et al., 1994). In recent years, oxidative 
stress has been implicated in pathophysiology of several human diseases including 
disorders of the nervous system (Gulati et al., 2005). Restraint stress resuhs in 
elevated levels of malondialdehyde (MDA), an index of free radical generation 
and lipid peroxidation in the brain (Chakraborti et al., 2007). Manoli et al. (2000) 
concluded in their study that the vulnerability to oxidative stress in the brain is 
region specific. Besides these, there are several studies which investigate the 
stress-induced oxidative modifications in whole brain (Kovacs et al., 1996; 
Kaushik et al., 2003). Sapolsky (1993) have proposed that stress can damage the 
hippocampus and that this damage plays a significant role in age-dependent 
hippocampal degeneration. Liu et al. (1994) reported that the main factors that 
contribute to the vulnerabiHty of brain to oxidative damage include high content of 
polyunsaturated fatty acids in the membranes and low levels of enzymatic and 
nonenzymatic antioxidants. It is well known that stress differentially affects the 
activity of central dopaminergic and serotonergic neurons (Torres et al., 2002), 
and effect of stress was studied on cerebral levels of monoamines (Gamaro et al., 
2003). 
Effect of stress on learning and memory 
Extensive research in rodents and humans has demonstrated that stress is a 
biologically significant factor that can alter brain cell properties, disturb cognitive 
processes such as learning and memory, and consequently limit the quality of 
human life (Kim and Diamond, 2002). Learning and memory are complex 
processes involving biochemical signaeling cascades that lead to change in gene 
expression in neurons. GABAergic neurotransmission has been implicated in 
having a role in stress responses. Several studies have reported alterations in 
GABAA receptor subunit levels in specific brain regions in response to acute or 
repeated stress (Orchinik et al., 2001; Martijena et al., 2002). 
Role of stress in depression and anxiety 
The incidence of stress disorders and depression has increased alarmingly in the 
last 3-4 decades with the fast pace of life particularly in urban populations 
(Chrousos and Gold, 1992) and it is a serious medical condition and a profound 
public health concern. Although genetic research has revealed that the 
vulnerability to depression is partly heritable, there is also strong support for a role 
of stress in the development and manifestation of this disorder. (Nestler et al., 
2002). Interacting etiologic factors influence the development of depressive 
symptoms. The widely accepted stress-diathesis hypothesis of depression 
postulates that genetic factors contribute to biological vulnerability with 
subsequent stressful life events then initiating permanent and negative changes 
leading to depressive disorders (Nemeroff, 2003). Hence stress-based animal 
models were developed to explore these phenomena. Exposure to stressors can 
influence the neurobehavioral profile of an organism and can precipitate an 
anxiety like syndrome. Although the themes of stress and anxiety have long been a 
topic of investigation. Further behavioral factors like emotionality, are recognized 
as important predictors of stress susceptibility (Ramos and Mormede, 1998). 
Role of stress andHypothalamic-pituitary-adrenal (HPA) axis 
The stress response comprises of those behavioral, neuro-endocrine and 
neurochemical changes that are evoked as a kind of alarm system that is initiated 
when there is discrepancy between what an organism is expecting and what really 
exists (Levine and Ursine, 2004). In other words, the stress response is meant to 
cope with stressors and to find a new equiUbrated state. If the coping process is not 
sufficient, and the stress response is therefore prolonged and sustained, the body 
and brain homeostasis can be threatened and health can be endangered (Fuchs and 
Flugge, 2003). The stress response is mediated by interaction of the autonomic 
nervous system and the HPA axis. In addition, these two components cause 
changes in behavioral activities. 
The HPA axis served as a neuroendocrine stress response system, which 
has an important role in the maintenance of homeostasis. The HPA axis is a feed 
back loop by which signals from the brain trigger the release of hormones needed 
in response to stress. Because of its function, the HPA axis is called the stress 
circuit. This stress circuit affects the system throughout the body. The hormones of 
the HPA axis exert their effect on the autonomic nervous system, which controls 
vital functions such as heart rate, blood pressure, and digestion. The HPA axis also 
communicates with several region of the brain, including the limbic system, which 
generates fear in response to danger, and with the hippocampus, it plays an 
important role in memory formation as well as in mood and motivation (Chrousos 
and Gold, 1992). 
HPA axis functioning might serve as an indicator of allostatic load, an 
index of cumulative toll on the body. A high allostatic load might resuh from 
chronic over activation of the stress system (Mc Ewen, 1998) and result in a 
number of negative health outcomes in the long run such as psychomatic and 
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psychiatric disorders. For example in humans, the incapacity to deal with (most 
often psychological) stressors can result in anxiety and mood disorders. 
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OCIMUM SANCTUM 
In recent times, focus on plant research has increased globally and the large body 
of evidences collected shows the immense potential of medicinal plants. Ocimum 
sanctum (OS) (Labiatae) commonly known as 'Holy Basil' is considered a sacred 
plant in India and grow in every rural household. Traditionally fresh juice or 
decoction of OS leaves is used to promote health and in treatment of various 
disorders as advocated in Ayurveda, the Indian System of Medicine. Indian 
Materia Medica describes the use of aqueous, hydroalcoholic and methanolic 
extract of OS leaves in a variety of disorders like bronchitis, rheumatism and 
pyrexia (Nadkami, 1976). Several recent investigations using these extracts have 
indicated that OS possesses significant anti-inflammatory (Singh et al., 1996), 
antioxidant (Maulik et al., 1997) and immunomodulatory properties. In addition it 
has been reported to have radioprotective and anticarcinogenic properties (Devi, 
2000). OS contains a number of active constituents that interact in a complex way 
to elicit their pharmacodynamic response. A number of active constituents 
responsible for the medicinal actions of OS have been isolated and are being 
characterized. These constituents comprise significant antioxidant and anti-
inflammatory activity, both in vivo and in vitro (Devi, 2000; Kelm et al., 2000). 
No acute toxicity was observed at doses as high as 100 mg/kg from the two 
flavonoids, orientin and vicenin, isolated from the leaves of OS (Uma Devi et al., 
1999). OS is also used as an ingredient of herbal preparations with other medicinal 
plants. Investigations on its pharmacological and therapeutic properties during the 
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past decades have led to a number of publications. All over the world scientific 
research is getting momentum to evaluate the effects, side effects and therapeutic 
uses of OS in various acute and chronic pathological activities. Literature on the 
ethnobotany, pharmacognosy and pharmacology of OS has been extensively 
reviewed by Satyavati et al. (1987). 
Plant description 
The plant is distributed and cultivated throughout India. The genus OS comprises 
circa 30 species which are found in tropical and subtropical regions. They are rich 
in essential oils and have been the subject of numerous chemical studies. There are 
several varieties of the plant. However, the commonly used one is with dark 
leaves. The inflorescence is a long spike with tiny violet or white flowers. Leaves 
are small and fuzzy with a sweet, clove-like fragrance. It is used in some religious 
ceremonies and not highly suited for culinary uses. 
Chemical constituents 
The fixed oil of OS revealed the presence of five fatty acids (stearic, palmitic, 
oleic, linoleic and linolenic acids) (Singh et al., 1996). OS is a good source of beta 
carotene, calcium and vitamin C. It contains volatile oil (1% including estragol, 
linalool, eugenol, methyl chavicol and small quantities of methyl cinnamate, 
cineole, and other terpenes), tannis, basil camphor, flavonoids (apigenin, luteolin, 
orientin, vicenin), triterpene: ursolic acid (Ganasoundari et al., 1997a). Zinc, 
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manganese and sodium are also found in OS using high resolution gamma ray 
spectrometry (Samudralwar and Garg, 1996). 
Antioxidant activity 
Oral treatment of alcoholic leaf extract (ALE) of OS in mice for 15 days 
significantly elevated the activities of cytochrome b5, aryl hydrocarbon 
hydroxylase, and glutathione-S-transferase, all of which help detoxify carcinogens 
as well as mutagens. The reduced glutathione levels were also increased in liver, 
lung, and stomach tissues (Banerjee et al., 1996). OS for 15 days in mice 
decreased serum T4 hepatic lipid peroxidation (LPO) and glucose-6-phosphatase 
(G-6-P) activity, while the activities of endogenous antioxidant enzymes, 
superoxide dismutase (SOD) and catalase (CAT) were increased by the drug. 
Unaffected were T3 level, T3/T4 ratio and cholesterol. It appeared that OS leaf 
extract was antithyroidic as well as antioxidative (Panda and Kar, 1998). The 
radioprotective effect of the leaf extract of OS was investigated on mouse bone 
marrow. Radiation effects were inhibited by an aqueous extract of OS leaves given 
for 5 consecutive days (Ganasoundari et al., 1998). Orientin and vicenin, from the 
leaves of OS showed radical scavenging activity against whole-body exposure to 
2.0 Gy gamma-radiation for 30 minutes that could cause death from 
gastrointestinal syndrome as well as bone marrow syndrome (Uma Devi et al., 
1999). Animals treated with OS extract before and after mercury intoxication 
showed a significant decrease in LPO level, alanine aminotransferase and 
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aspartate aminotranferase and increase in serum alkaline phosphatase activity and 
glutathione (GSH) content in Swiss albino mice (Sharma et al., 2002). Aqueous 
and alcoholic leaf extracts were found to exhibit free radical scavenging action 
(Uma Devi et al., 1999; Sethi et al., 2004). Both extracts and their fractions inhibit 
in vitro LPO at very low concentrations. In vivo, LPO was also inhibited by 
aqueous extracts of OS in a dose-dependent manner in male albino rats. Feeding of 
male rabbits with the aqueous extract provided significant liver and aortic 
peroxidative damage (Geetha et al., 2004a). 
Antistressor activity 
Restraint stress induced elevations of blood glucose and urea levels and levels of 
lactate dehydrogenase and alkaline phosphatase. OS was found to lower 
cholesterol, lactate dehydrogenase and alkaline phosphatase levels without 
affecting blood glucose and urea levels in rats (Sen et al., 1992). 
A 70% ethanolic extract of OS leaves had a normalizing action on discrete 
regions of the brain and controlled the alteration in neurotransmitter levels due to 
noise stress, emphasizing the antistressor potential of this herb (Ravindran et al., 
2005). 
According to Sembulingam et al. (2005), Ethanolic extract of OS leaves 
prevented noise induced changes in the two cholinergic parameters in all the four 
areas of brain. There were significant reduction in total acetylcholine content and 
increase in the activity of acetyl cholinesterase in the cerebral cortex, corpus 
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striatum, hypothalamus and hippocampus of the brain. It may be due to the 
protective effect of the plant extract on brain tissues against the detrimental effect 
of noise stress. 
Anticarcinogenic activity 
The leaves of OS suppressed benzo (a) pyrine-induced chromosomal aberrations 
in bone marrow and elevated glutathione (GSH) and glutathione-S-transferase 
(GST) activities in the liver of mice (Aruna and Sivaramakrishnan, 1990). They 
also reported a suppressing effect of the plant on chemically induced hepatomas in 
rats and tumors in the fore stomach of mice. The OS (ALE) was shown to have an 
inhibitory effect on chemically induced skin papillomas in mouse (Prashar et al., 
1994). Sukumaran et al. (1994) demonstrated a similar effect for eugenol, a 
flavonoid present in OS. Banerjee et al. (1996) observed that the ALE increased 
the carcinogen metasbolizing enzymes in vivo, while Prashar et al. (1998) reported 
that the extract prevented adduct formation between the carcinogen and DNA. 
Karthikeyan et al. (1999) showed an inhibitory effect of Ocimum leaf preparations 
on the induction of papillomas and carcinomas in the buccal pouch of hamsters. 
They found that the aqueous extract was more effective than the ethanolic extract 
or leaf paste and suggested that oral administration of the extract may be able to 
prevent or block the early events in carcinogenesis. However more detailed and 
systematic studies are needed to establish the anticarcinogenic potential of OS. 
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Antiulcerogenic activity 
OS was studied for antiulcerogenic properties in pyloric ligated and aspirin treated 
rats. The extract of the leaves reduced the ulcer index, free and total acidity on 
acute and chronic administration. Seven days drug pretreatment increased the 
mucous secretion also. These results indicated antiulcerogenic properties of the 
extract against experimental ulcers attributable to reduction in acid secretion and 
increased mucous secretion (Mandel et al., 1993). 
The standardized methanolic extract of OS leaves (OSE; eugenol content 
5%) given orally in doses 50-200 mg/kg, twice daily for five days showed dose-
dependent ulcer protective effect against cold restraint stress induced gastric 
ulcers. OSE significantly increased the gastric defensive factors like mucin 
secretion, cellular mucus, induce mucosal cell proliferation. This suggests that the 
ulcer protective and healing effects of OSE may be as a result of its effects both on 
offensive and defensive mucosal factors (Goel et al., 2005). 
Anti-inflammatory, analgesic and anti-pyretic activities 
Fixed oils of OS and other different species of Ocimum have the capacity to block 
both the cyclooxygenase and lipooxygenase pathways of arachidonate metabolism 
and could be responsible for the anti-inflammatory activity (Singh et al., 1996). 
Inflammation induced by carrageenan or croton oil was inhibited by OS methanol 
extract and the aqueous suspension also delayed castor oil-induced diarrhoea in 
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rats given orally (Godhwani et al., 1987). Leaf extracts of OS also had analgesic 
and anti-pyretic activity (Godhwani et al., 1987). 
Antidiabetic effects 
OS leaves alcoholic extract given orally lowered blood sugar level in normal and 
streptozotocin induced diabetic rats and further ameliorates the action of 
tolbutamide in normal and diabetic rats (Chattopadhyay, 1993). A diet of 1% level 
of OS leaf powder for a month reduced fasting blood sugar, uronic acid, total 
amino acids, total cholesterol, triglyceride, phospholipids and total lipids in 
diabetic rats indicating the hypoglycemic and hypolipidemic effect of OS (Rai et 
al., 1997). The anti-diabetic action may be due to the constituents of OS leaf 
extracts on physiological pathways of insulin secretion (Hannan et al., 2006). 
Psychopharmacological activity 
The ethanolic leaf extract of OS was screened for psychopharmacological 
activities. The extract prolonged the time of lost reflex (the time interval between 
the loss and regaining to righting reflex after administration of pentobarbital 
sodium at a dose of 40 mg/kg i.p. in mice), decreased the recovery time and 
severity of electroshock and pentylenetetrazole induced convulsions. It also 
decreased apomorphine induced fighting time and ambulation in open field 
studies. Using a behavioral despair model involving forced swimming in rats and 
mice, the extract lowered immobility in a manner comparable to imipramine. This 
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action was blocked by haloperidol and sulpiride, indicating a possible action 
involving dopaminergic neurons. In a similar study, synergistic action has been 
reported when extract was combined with bromocriptine, a potent D2- receptor 
agonist (Sakina et al., 1990). 
Antifertility effect 
Sexual behavior decreased in adult male Wistar rats given a diet which included 
200 and 400 mg/kg of OS leaf extract for 15 days (Kantak and Gogate, 1992). 
Ahmed et al. (2002) emphasized that benzene extract of OS for 48 days decreased 
the total sperm count, sperm motility, and forward velocity suggesting that such 
effects were due to androgen deprivation, caused by the anti-androgenic property 
of OS leaves. However all parameters returned to normal by two weeks following 
the withdrawal of treatment. 
Cancer prevention 
OS leaf extract led to blockadge or suppression of the events associated with 
chemical carcinogenesis through inhibition of the metabolic activation of the 
carcinogen without adversely affecting the viability of the cells (Prashar et al., 
1998). 
Karthikeyan et al. (1999) emphasized that 7, 14-Dibenz (a) anthracene 
(DMBA)-induced hamster buccal pouch carcinogenesis was inhibited by topical 
OS fresh leaf paste and by the aqueous and ethanolic extracts. The incidence of 
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papillomas and squamous cell carcinomas were significantly reduced when the 
extracts were orally administered to buccal pouch mucosa of animals exposed to 
0.5% of DMBA. 
The incidence of tumor was also delayed in the seed oil-supplemented 
mice. Liver enzymatic antioxidants SOD, CAT, GST, non-enzymatic antioxidants 
(GSH) and LPO end product, malondialdehyde levels were significantly 
modulated by the oil treatment as compared to untreated 20-methylcholanthrene 
injected mice. The chemopreventive effect of 100 ^1/kg seed oil was comparable 
to that of 80 mg/kg of vitamin E (Prakash and Gupta, 2000). 
Immunostimulant activity 
Humoral immunologic response was increased by the methanol extract and by an 
aqueous suspension of OS leaves in rats indicating its immunostimulatory 
capability (Godhwani et al., 1988). 
Clinical Trials 
Lowering of plasma levels of dienic conjugates and ketones, and activation of 
catalase in red cells, characteristic of antioxidant effect were observed upon 
exposure of 150 bronchitis patients to essential oils of rosemary, basil, fir, 
eucalyptus (Siurin, 1997). 
A randomized, placebo-controlled, single-blind, crossover trial in patients 
diagnosed with non insulin-dependent diabetes mellitus (NIDDM) was conducted 
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to examine the effects of OS on fasting and postprandial blood glucose and serum 
cholesterol levels. A decrease in fasting blood glucose was observed while 
cholesterol levels showed mild reduction in a placebo controlled crossover human 
trial. Urine glucose levels showed a similar trend (Agrawal et al., 1996). The 
mechanism responsible for the hypoglycemic activity of OS is not known. It has 
been speculated that the herb may improve beta cell function and enhance insulin 
secretion. 
Adverse Effects in Human 
Antifertility effects, including abortifacient and anti-spermatogenic effects have 
been described in rats but only following the inclusion of OS leaf in the diet at 
high levels (Ahmed et al., 2002). 
Although OS has been used to treat diabetes, it was primarily used to treat 
other ailments such as asthma, heart problems, arthritis and respiratory infections. 
Another popular use is for stress management. 
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CAMELLIA SINENSIS 
Green tea (Camellia sinensis, family, Theacease) originated in China and has 
become associated with many cultures in Asia from Japan to the Middle East. 
Many varieties of CS have been created in countries where it is grown that can 
differ substantially due to variable growing conditions, processing and harvesting 
time. Over the last few decades CS has begun to be subjected to many scientific 
and medical studies to determine the extent of its long-purported health benefits, 
with some evidence suggesting regular green tea users may have lower chances of 
heart disease and developing certain types of cancer. The tea has also been useful 
for weight loss management. 
Constituents ofCS 
Catechins are the main bioactive constituents of CS leaves and account for 25% to 
35% of their dry weight. The main catechin group consists of eight polyphenolic 
flavonoid-type compounds, viz, (+)-catechin (C), (-)-epicatechin (EC), (+)-
gallocatechin (GC), (-)-epigallocatechin (EGC), (+)-catechin gallate (CG), (-)-
epicatechin gallate (ECG), (+)-gallocatechin gallate (GCG) and (-)-
epigallocatechin gallate (EGCG). (-)-Epigallocatechin gallate is the most abundant 
of the tea catechins and thought to be responsible for the majority of the biological 
activity of CS extracts. 
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History 
CS consumption had its origin in China almost 5,000 years ago. It has been used 
as traditional medicine in areas such as China, Japan, India and Thailand 
controlling bleeding and helping heal wounds to regulating body temperature, 
blood sugar and promoting digestion. 
The Kissa Yojoki {Book of Tea), of Zen priest Eisai (1191) describes how 
drinking green tea can have a positive effect on the five vital organs, especially the 
heart. The book discusses tea's medicinal qualities, which include easing the 
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effects of alcohol, acting as a stimulant, curing blotchiness, quenching thirst, 
eliminating indigestion, curing beriberi disease, preventing fatigue, and improving 
urinary and brain function. Part One also explains the shapes of tea plants, tea 
flowers, and tea leaves, and covers how to grow tea plants and process tea leaves 
and in part two about the specific dosage and method required for individual 
physical ailments. 
Scientific studies 
According to Sixth International Conference on Frontiers in Cancer Prevention, 
which sponsored by the American Association for Cancer Research, on a 
standardized CS polyphenol preparation (Polyphenon E) limits the growth of 
colorectal tumors in rats treated with a substance that causes the cancer. The 
observations show that rats fed a diet containing Polyphenon E are less than half 
as likely to develop colon cancer," Dr. Hang Xiao, from the Ernest Mario School 
of Pharmacy at Rutgers University, Piscataway, New Jersey, noted in a statement. 
A new potential application of Cellular and Molecular Life Sciences found 
that "a new potential application of (-)-epigallocatechin-3-gallate [a component of 
green tea] in prevention or treatment of inflammatory processes is existing 
(Rodriguez-Caso et al., 2003). 
Previous report of 2005 on daily consumption of tea (690 mg) catechins for 
12 wk reduced body fat, which suggests that the ingestion of catechins might be 
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useful in the prevention and improvement of lifestyle-related diseases, mainly 
obesity (Nagao et al., 2005). According to a Case Western Reserve University 
School of Medicine, antioxidants in CS may prevent and reduce the severity of 
rheumatoid arthritis. The study examined the effects of CS polyphenols on 
collagen-induced arthritis in mice, which is similar to rheumatoid arthritis in 
humans. 
Another study on August 22, 2006 edition of Biological Psychology looked 
at the modification of the stress response via L-Theanine, a chemical found in CS. 
It suggested that the oral intake of L-Theanine could cause anti-stress effects via 
the inhibition of cortical neuron excitation (Kimura et al., 2007). 
In September, 2006 a study published by Journal of the American Medical 
Association concluded that "CS consumption is associated with reduced mortality 
due to all causes and due to cardiovascular disease but not with reduced mortality 
due to cancer." A study on a higher consumption of CS is associated with a lower 
prevalence of cognitive impairment in humans (Kuriyama et al., 2006). 
However, pharmacological and toxicological evidence does indicate that 
CS polyphenols can cause oxidative stress and liver toxicity in vivo at certain 
concentrations (Lambert et al., 2007). This would imply that consumers should 
exercise caution when consuming herbal products produced from concentrated CS 
extract. 
25 
Green Tea and Human Health 
CS leaves contain three main components which act upon human health i.e. 
xanthic bases (caffeine and theophylline), essential oils and especially, 
polyphenolic compounds. Caffeine acts mainly upon the central nervous system, 
stimulating wakefulness, facilitating ideas association and decreasing the sensation 
of fatigue (Vemam and Sutherland, 1994). Some of the effects caused by caffeine 
are influenced by theophylline tea content, theophylline induces psychoactive 
activity, it also has a slightly inotrope and vasodilator effect, and a much higher 
diuretic effect than caffeine. However, its most interesting effects can be seen at 
the bronchopulmonary and respiratory level. CS is the type of tea with the higher 
percentage of essential oils (Bruneton, 2001). However, CS has received a great 
deal of attention especially due to its content of polyphenols, which are strong 
antioxidants and present important biological properties. Numerous studies have 
also demonstrated that the aqueous extract of GTP possesses antimutagenic, 
antidiabetic, antibacterial, anti-inflammatory, and hypocholesterolemic properties 
Xie et al. 1998; Feng et al., 2001; Kondo et al., 2002). Among all GTP, catechins 
and gallic acid have been especially considered to be the main players in the 
beneficial effects on human health. 
Antioxidant Activity 
CS is considered a dietary source of antioxidant nutrients and it is rich in 
polyphenols (catechins and gallic acid, particularly), but it also contains 
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carotenoids, tocopherols, ascorbic acid (vitamin C), minerals such as Cr, Mn, Se or 
Zn, and certain phytochemical compounds, these compounds could increase the 
GTP antioxidant potential. GTP present antioxidant activity in vitro by scavenging 
reactive oxygen and nitrogen species and chelating redox-active transition metal 
ions; GTP can chelate metal ions like iron and copper to prevent their participation 
in Fenton and Haber-Weiss reactions (Skrzydlewsja et al., 2002; Kim et al., 2003). 
They may also act indirectly as antioxidants through (1) inhibition of the redox-
sensitive transcription factors; (2) inhibition of 'pro-oxidant' enzymes, such as 
inducible nitric oxide synthase, lipoxygenases, cyclooxygenases and xanthine 
oxidase; and (3) induction of antioxidant enzymes, such as glutathione-S-
transferases and superoxide dismutases. 
Several studies have shown that EGCG can act in vitro as an antioxidant by 
trapping proxyl radicals and inhibiting LPO (Saffari and Sadrzaddeh, 2004; Zhang 
et al., 2004). In order to determine whether or not GTP act as effective 
antioxidants in vivo, future studies in animals and humans should employ sensitive 
and specific biomarkers of oxidative damage of lipids, proteins and DNA (Frei and 
Higdon, 2003). 
Nevertheless, a substantial number of human intervention studies with CS 
demonstrate a significant increase in plasma antioxidant capacity in humans after 
consumption of moderate amounts (1-6 cups/day). There are also initial 
indications which show that the enhanced blood antioxidant potential leads to a 
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reduced oxidative damage in macromolecules such as DNA and lipids (Higdon 
and Frei, 2003; Xu et al., 2004). However, they indicated that the measurement of 
oxidative damage through biomarkers needs to be further estabUshed. Repeated 
consumption of CS and encapsulated CS extracts for one to four weeks has been 
demonstrated to decrease biomarkers of oxidative status (McKay and Blumberg, 
2002). Furthermore, Klaunig et al. (1999) observed in a study with 40 male 
smokers in China and 27 men and women (smokers and non-smokers) in the 
United States, that oxidative DNA damage, LPO and free radical generation were 
reduced after consuming ~6 cups/day of CS for seven days. Therefore, GTP may 
contribute to defenses against oxidative damages (Wu and Wei, 2002). The ability 
of CS, which consumed within a balanced controlled diet to improve overall the 
antioxidative status and to protect against oxidative damage in humans (Erba et al., 
2005). 
Antimutagenic and Anticarcinogenic Potential 
The role of CS in protection against cancer has been supported by the studies in 
cell culture and animal models (Chung et al., 2003). Animal studies have shown 
that CS inhibit carcinogenesis of the skin, lung, oral cavity, esophagus, stomach, 
liver, kidney, prostate and other organs (Lambert and Yang, 2003; Laurie et al., 
2005). In some studies, the inhibition is correlated with an increase in tumor cell 
apoptosis and a decrease in cell proliferation (Mittal et al, 2004). Today, CS is 
accepted as a cancer preventive on the basis of numerous in vitro, in vivo and 
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epidemiological studies. The Chemoprevention Branch of the National Cancer 
Institute has initiated a plan for developing tea compounds as cancer-
chemopreventive agents in human trials (Siddiqui et al., 2004). The 
chemopreventive effects of CS depend on: (1) its antioxidant action; (2) the 
specific induction of detoxifying enzymes; (3) its molecular regulatory functions 
on cellular growth, development and apoptosis; and (4) a selective improvement in 
the function of the intestinal bacteria flora. In addition, a major mechanism of the 
anticarcinogenic activity of green tea in animals is the impairment of the 
interaction of carcinogens with DNA leading to mutations. Nevertheless, the 
antimutagenic activity of CS and the role of GTP, the postulated bioactive 
components, and caffeine must be critically evaluated. EGCG from CS especially 
imparts a growth inhibitory effect on cancer cells (Mittal et al., 2004). EGCG 
possesses promising anticancer potential due to its antioxidant, antimutagenic and 
chemopreventive properties (Yamamoto et al., 2004). 
Neurological and psychological effects 
Reports are available that indicate the CS can improve neurologic and psychologic 
functions. Recently, it has been reported that CS catechins possesses divalent 
metal chelating, antioxidant and anti-inflammatory activities to penetrate the brain 
barrier and protect neuronal death in a wide array of cellular and animal models of 
neurological diseases (Mandel et al., 2006). It has been shown that EGCG reduces 
focal ischemia/reperfusion-induced brain injury in a rat model (Choi et al., 2004). 
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Theanine acts as a neurotransmitter in the brain and decreases blood pressure 
significantly in hypertensive rats. Alpha-waves are relaxation index indicating 
relaxation without drowsiness. In volunteers, alpha-waves are generated in the 
occipital and parietal regions of the brain surface within 40 min after 
administration of theanine in a dose-dependent manner. Theanine absorbed 
modulates brain serotonin and dopamine levels, improving memory, learning 
ability and affects emotions (Juneja et al., 1999). Investigations were carried out 
on mice which induced convulsions to evaluate the effect of acute and chronic 
administration of green or black tea. CS appears to accelerate the onset of 
convulsion to increase duration and mortality, it may be acting on Ca2+channels 
and not through GABA in brain (Gomes et al., 1999). Recent studies have 
indicated that the antioxidant activity of catechins and other mechanisms such as 
modulation of signal transduction pathways, cell survival/death genes and 
mitochondrial ftinction may contribute significantly to the induction of cell 
viability (Mandel et al., 2005). The promising future treatment of 
neurodegenerative diseases and ageing depends on availability of effective brain 
permeable, iron chelatable/radical scavenger neuroprotective drugs that would 
prevent the progression of neurodegeneration. CS catechins have been reported to 
possess potent iron-chelating, radical scavenging and anti-inflammatory activities 
and to protect neuronal death in a wide array of cellular and animal models of 
neurological diseases. 
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Antidiabetic effects 
The effects of CS on obesity and diabetes have received increasing attention. CS 
catechins, especially EGCG, appear to have antiobesity and antidiabetic effects 
(Kao et al., 2006). African black tea extract has been shown to possess suppressive 
effect on the elevation of blood glucose during food intake and the body weight in 
diabetic mice (Shoji and Nakashima, 2006). While few epidemiological and 
clinical studies show the health benefits of EGCG on obesity and diabetes. These 
mechanisms may be related to certain pathways, such as through the modulations 
of energy balance, endocrine systems, food intake, lipid and carbohydrate 
metabolism and the redox status (Yang et al., 2001). These reports suggest that CS 
catechins could act as preventive agents and could have a beneficial effect against 
lipid and glucose metabolism disorders. 
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In the present study we attempted to investigate: 
(1) Anxiolytic and antidepressant activities of OS and CS. 
(2) Protective effects of OS and CS on stress-induced alterations in lipid 
peroxidation and antioxidant substances in different brain parts 
(cerebrum, cerebellum and brain stem). 
(3) Ameliorative action of OS and CS on stress-induced oxidative changes 
in antioxidant enzymes. 
(4) Protection of nucleic acids and protein with OS and CS against stress-
induced oxidative damage. 
(5) Antimutagenic effects of OS and CS on micronuclei induction. 
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CHapter 1 
Atvdofytic amf antidepressant 
activities ofO. sanctum ancCC 
sinensis 
Introduction 
The influence of environmental conditions such as stress on behavioral and 
cognitive processes and performance in animal models of psychiatric disorders has 
been widely investigated (Chrousos and Gold, 1992). Exposure to both chronic 
and acute stress has substantial effects on learning and memory (Sandi et al., 2005; 
Kleen et al., 2006). Although there is substantial literature on the effects of stress 
on memory from behavioral and pharmacologic perspectives, the understanding of 
the molecular mechanisms involved in the modulation of learning and memory by 
stress is still insufficient. Restraint stress is one of the most commonly employed 
stressors in animal models of stress-related psychopathology and has been shown 
to elicit complex effects on memory formation (Weiss et al., 2005). There is much 
interest, therefore, in understanding the mechanisms responsible for interactions 
among restraint stress, cognitive-emotional state, and memory. Learning and 
memory are complex processes involving biochemical signalling cascades that 
lead to change in gene expression in neurons. Stress induces a variety of 
autonomic, visceral, immunological and neurobehavioral responses like anxiety, 
depression, anorexia and activation of the hypothalamic-pituitary-adrenal axis 
resulting in elevated corticosterone levels, in animals and humans (Chrousos and 
Gold, 1992). 
Anxiety is one of the most prominent psychiatric disorders related to a 
common stress. The elevated plus maze is a well-established and widely used 
animal model of anxiety-like behavior for rodents (Mechiel Korte and De Boer, 
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2003). In this paradigm, animals are faced with an approach-avoidance conflict 
between exploring open elevated arms and a natural tendency to hide in enclosed 
arms. Interestingly, a single exposure to the plus maze, in itself can modulate 
anxiety-like behavior exhibited by male rats during a subsequent exposure to the 
maze (Treit, 1993). Anxiety like behavior on the plus maze can also be modulated 
by prior exposure to stressors. As per the previous studies using a 21-day restraint 
stress paradigm have reported a significant reduction of ambulatory behavior in 
open-field arena and facilitated fear-conditioning in male rats (Conard et al., 
1999). Even temporally restricted stressors, such as predator stress in the form of a 
5 min exposure to a cat, are potent enough to trigger a state of enhanced and 
persistent anxiety (Adamec et al., 1999). 
Depression is an incapacitating psychiatric ailment that has been estimated 
to affect 21% of the world population (Schechter et al., 2005). It is characterized 
by a pervasive low mood and loss of interest in usual activities and diminished 
ability to experience pleasure. Several clinical observations have suggested that 
stress can act as a precipitating factor in the onset of affective illness especially in 
case of major depression (Bidzinska, 1984). Chronic stress can induce depressive 
disorders, and animal stress models are widely used in pre-clinical antidepressant 
evaluation (Garcia, 2002). There is increasing evidence for a relationship between 
stress, glutamate neurotransmission, and depression (Sapolsky, 2000). 
Extracellular concentrations of glutamate are increased in several brain regions 
after exposure to behavioral stressors (Lowy et al., 1995). Correspondingly, 
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expression of glutamate transporters is increased after exposure to stress, 
potentially as a compensatory response to the increased stress-induced glutamate 
release (Wood et al., 2004). Additionally, a series of recent animal and human 
studies have demonstrated that several classes of agents that modulate glutamate 
neurotransmission possess antidepressant-like properties (Zarate et al., 2003). 
These findings support the hypothesis that excessive stress-induced glutamate 
release leads to a disruption in glutamate neurotransmission and cycling which 
contributing to the appearance of stress-related, depression-like behaviors in 
rodents and potentially to the pathophysiology and pathogenesis of mood disorders 
in humans (Sanacora et al., 2003). There is growing body of evidence showing 
that the chronic administration of various uncontrollable stresses, a procedure 
known as "chronic uncontrollable stress" is an appropriate model for the pre-
clinical evaluation of antidepressants (Willner et al., 1992). Chronic unpredictable 
stress prolongs learned helplessness behavior and increase plasma corticosterone 
levels (Chen et al., 2006). It also inhibits the brain monoamine oxidase (MAO-A 
and MAO-B) enzyme activity (Lin et al., 2005) which may further resulted the 
depletion of brain monoamine levels. Numerous antidepressant compounds are 
now available and presumably acting via different mechanisms including 
serotonergic, noradrenergic and/or dopaminergic systems (Neurotransmitters). 
Numerous experimental and clinical studies indicate that the serotonin (5-HT) 
system is strongly implicated in the neural regulation of mood and several pieces 
of evidence have implicated the abnormalities in 5-HT neurotransmission in the 
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pathophysiology of depression (Wong and Licinio, 2001). Several studies indicate 
that an enhancement of 5-HT neurotransmission underlies the therapeutic response 
to various types of antidepressant treatments. Drugs affecting 5-HT 
neurotransmission, such as those inhibiting 5-HT reuptakes at nerve terminals or 
inhibiting its metabolism (monoamine oxidase inhibitors), are effective in 
depression (Nemeroff and Owens, 2002). The forced-swim test (FST) and the tail 
suspension test (TST) have been developed to evaluate depression like behaviors 
in mice (Porsolt et al., 1977; Stem et al., 1985). The immobility of animal in FST 
has been expected to reflect a state of 'behavioral despair'. The TST also induces a 
state of despair in animals like that in FST. The initial activity of a rat placed in 
novel surroundings (open-field activity) has been taken as an indicator of its 
emotional state and the lack of acute activation in open field may bear some 
resemblance to depression. Therefore, OFT, FST and TST are widely used to 
evaluate the behavioral activity in animals. 
Drugs obtained from natural sources are perceived to have the least risk and 
low side effect profiles, while having the ability to cure psychiatric disorders in 
much the same way as their synthetic counter parts. Ayurveda, the ancient 
traditional system of medicine, mentions a number of single and compound drug 
formulations of plant origin that are used for the treatment of psychiatric disorders. 
Medicinal plants, such as Bacopa momiera (Sairam et al, 2002) and Ginkgo 
biloba (Sakakibara et al., 2006) may be an important source of new antidepressant 
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drugs and the safety of nature plant extracts may also be better than that of 
synthetic antidepressants (Schulz, 2006). 
O. sanctum (OS) and C sinensis (CS) are commonly known as Tulsi and 
Green tea are well known medicinal plants. Aqueous extracts of OS and CS 
reportedly have antianxiety and antidepressant properties. Experimental and 
clinical evidence are atill scare. Therefore, this study was undertaken to evaluate 
the effects of these medicinal plants on anxiety and depression like behavior using 
EPM, OFT, TST and FST in male albino rats. 
Materials and Methods 
O. sanctum 
Leaves of OS were collected from University campus and identified by a 
pharmacognist and its I.D. No. is Husainl375 which deposited for the record in 
A.M.U, Herbarium. 
C. sinensis 
Leaves of CS were purchased from an authorized dealer and it has also been 
identified by a pharmacognist and its I.D. No. is Husain 395. It is also deposited in 
A.M.U, Herbarium as a record. 
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Extraction of OS and CS 
Briefly the shed dried powder of OS and CS were refluxed for 5 hour with double 
distilled water (DDW) at 100°C cooled and filtered. The solvent was removed 
under reduced pressure to get product (Ganasoundari et al., 1998). The yield of 
the extracts of OS and CS were 9% and 7% (w/w) in terms of dried starting 
material. The residue was stored in the refrigerator until further use. 
Animals 
Adult male albino rats (200 ± 50 gm; 8-lOwk old) were obtained from Central 
Animal House of J.N. Medical College, A.M.U, Aligarh. The animals were kept in 
polypropylene cages and housed in air conditioned room and maintained on 
standard pellet diet and water ad libitum. 
Stress procedure 
The animals were restrained (Hasan, 1985) 3h/day for 6 consecutive days in a wire 
mashed cage (Fig 1) at a fixed time. 
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Fig. 1: Restraint stress 
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Experimental design 
The study was approved by Institutional Animals Ethics Committee. Animals 
were randomized in six groups (six rats per group) and allowed to acclimatize for 
at least 1 week before initiating the experiments. The groups and the treatments 
were as follows: 
Group I: Control (normal saline for 6 consecutive days). 
Group II: Restraint stress (3h/day for 6 consecutive days). 
Group III: Post-administration of of OS aqueous extract (for 6 consecutive days 
orally) following restraint stress. 
Group IV: Post-administration of CS aqueous extract (for 6 consecutive days 
orally) following restraint stress. 
Group V: Aqueous extract of OS (lOOmg/kg) for 6 consecutive days, alone. 
Group VI: Aqueous extract of CS (lOOmg/kg) for 6 consecutive days, alone. 
After the treatment (restraint stress and post-administration of OS and CS) 
of each group the animals were carried out for behavioral tests on 7'*^  day. 
Behavioral tests 
Elevated plus maze test 
This test has been proposed for selective identification of anxiolytic and 
anxiogenic drugs. Elevated maze test was performed by the method of 
Montogomery (1958). The elevated plus maze consisted of two open arms and two 
enclosed arms, 50x40x40 cm with an open roof, assayed so that the two arms are 
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opposite to each other. The maze was elevated to a height of 50 cm. After 
treatment with each group, the rats were placed in the centre of the maze and 
facing one of the enclosed arms. During 5 min test period following parameters 
were measured: number of open arm entries and closed arm entries. Subsequently, 
the percentages of open arm entries and time spent on open arms were calculated 
from open arm entries and time spent on open arms divided by the total number of 
entries in both open and closed arms and time spent on open arm exploration 
divided by total time spent in both open and closed arms, respectively. The 
procedure was conducted in sound attenuated room. 
Open field test 
Locomotor activity was quantified for 5 min in an open field. It was consisted of a 
square arena 96x96 cm with 60-cm high walls. The walls and the floor were 
painted white. The floor was divided in to 16 squares by parallel and intersecting 
color lines (Bhattacharya and Satyan, 1997). Four squares defined as the centre 
and the 12 squares along the walls as the periphery. Rats were placed in the centre 
of the open field and (a) latency, (b) ambulation and (c) rearing were observed 
during a 5 min exposure period for both control and treated animals. 
Tail suspension test 
This test was performed as described by Steru et al. (1985). A short piece of paper 
adhesive tape (about 6 cm) was attached along half the length of the tail (about 3 
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cm). The free end of the tape was attached to a 30 cm long rigid tape which hung 
from a horizontal bar clamped to a heavy laboratory support stand. Suspended 
animals were surrounded by a white wooden enclosure (40 cm high, 40 cm wide 
and 40 cm deep) such that the rat's head was about 20 cm above the floor. For 
testing, each rat was suspended by its tail and observed for 6 min. an observer 
scored the total duration of a passive, "dead weight" hanging (immobility) 
between the periods of wriggling of the animal to avoid aversive situation. 
Forced swim test 
The test was performed according to a modification suggested by Lucki of the 
traditional method (Porsolt et al., 1977). The apparatus consisted of a transparent 
cylinder (50 cm high x 20 cm wide) filled to 30 cm depth with water at room 
temperature. The water depth was adjusted so that the animals must swim or float 
without their hind limbs or tail touching the bottom. The duration of immobility 
was recorded during the last 5 min of the 6-min test session (Bhatwadekar et al., 
1991). A rat was judged to be immobile when it floated in an upright position and 
making only small movements to keep its head above water. 
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Fig. 2: Elevated plus maze test 
Fig. 3: Open field behaviour test 
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Fig. 4: Tail suspeaston test 
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Statistical analysis 
Results are expressed as Mean±SEM. Behavioral data were analyzed using 
student's /-test. Significance level was chosen aiP< 0.05, P < 0.01 and P < 0.001. 
All statistical analyses were carried out by using SPSS for Windows (SPSS 10.0). 
Results 
Elevated plus maze test 
Analysis of elevated plus maze data revealed that restraint stress (3h/day for 6 
days) induced a significant reduction in % open arm entries (50%) and % time 
spent in open arms (63%) as compared to control (P < 0.05). Post-treatment of OS 
and CS aqueous extracts (100 mg/kg for 6 days) reversed the restraint stress-
induced changes in both open arm entries and % time spent in open arms. OS and 
CS significantly increased the % number of entries (54%, 38%)) respectively as 
compared to stress group {P<OM,P< 0.05). % time spent in open arms was also 
increased (65%), 53%) significantly with the treatment of OS and CS. There was 
no significant change when OS and CS were given alone (Table 1, Fig 6). 
Open field test 
Restraint stress induced a marked increase in the latency (48%), decrease in 
ambulation (38%)) and rearing (59%) significantly as compared to their respective 
control group (P < 0.05). Post-treatment of OS and CS attenuated the restraint 
stress effects on the open field behavior i.e. latency of entry was decreased (52%, 
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25%), and both ambulation (41%, 33%) and rearing (64%, 49%) activity were 
increased respectively as compared to stress (P < 0.01, P < 0.05). OS and CS per 
se group did not show any significant change (Table 2, Fig 7). 
Tail suspension test 
Restraint stressed rats exhibited significant increase in immobility period (46%) as 
compared to control animals {P < 0.001). Post-administration of OS and CS 
reversed the increase in immobility period in stressed rats. When OS and CS were 
administered the significant protection was observed in TST. OS decreased the 
48% immobility while 40% by CS {P < 0.05). Both of these plants did not show 
any significant change as compared to control (Table 3, Fig 8). 
Forced swimming test 
Restraint stress significantly increased the immobility (53%) in the FST as 
compared to control (P < 0.001). OS caused a 57% reduction in immobility while 
CS 49%) as compared to their respective stress group (P < 0.05). There was no 
significant effect on the immobility when OS and CS were given alone (Table 4, 
Fig 9). 
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Table.l: Protective effect of O. sanctum and C. sinensis on restraint stress-induced 
alterations in elevated plus-maze test (EPM). 
Groups 
Control 
RS 
RS + O.S 
OS 
RS + C.S 
CS 
% Open arm entries 
(Mean ± S.E) 
25.2 ±3.4 
12.5 ±4.3* 
27.4 ±2.0** 
26.7 ±2.4 
20.3 ±3.1** 
22.3 ±3.6 
% Open arm time 
(Mean ± S.E) 
17.3 ±3.6 
6.4 ± 2.4* 
18.5 ±2.8** 
20.4 ±2.6 
13.6 ±3.2' 
15.4±1.4 
Data show the mean of ± S.E of six animals. 
P < 0.05. Statistically significant as compared to control group. 
^P < 0.05, **P < 0.01. Statistically significant as compared to RS group. 
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Fig. 6: Bar diagram showing the alteration of % Open arm entries and % Time 
spent in EPM following restraint stress (3h/day for 6 days) and 
ameliorative action of O. sanctum and C sinensis (lOOmg/kg/day for 6 
days) on Rattus norvegicus. 
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Table.2: Protective effect of O. sanctum and C. sinensis on restraint stress-induced 
alterations in open field behavior test (OFT). 
Groups 
Control 
RS 
RS + O.S 
OS 
RS + C.S 
CS 
Latency 
2.5 ±0.7 
4.8 ±0.3* 
2.3 ±0.5' 
2.7 ±0.4 
3.6 ±0.2" 
2.8 ±0.3 
Ambulation 
52.7 ±5.2 
32.6 ±4.6* 
55.4±3.1 
53.6 ±2.8 
48.6 ±4.2' 
53.8 ±3.6 
Rearing 
25.2 ± 2.5 
10.4±1.3* 
28.7 ±3.0** 
26.4 ± 2.2 
20.3 ±1.9** 
27.6 ±3.2 
Data show the mean of ± S.E of six animals 
P < 0.05. Statistically significant as compared to control group. 
^P < 0.05, /* < 0.01. Statistically significant as compared to RS group. 
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O. sanctum and C. sinensis (lOOmg/kg/day for 6 days) on Ra/tus norvegicus. 
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Table.3: Protective effect of O. sanctum and C. sinensis on restraint stress-induced 
alterations in tail suspension test (TST). 
Groups 
Control 
RS 
RS + O.S 
OS 
RS + CS 
CS 
Immobility time (in seconds) 
80.73 ± 7.3 
150.64 ±4.1* 
78.84 ±5.7** 
82.36 ±6.4 
90.34 ±6.7** 
85.72 ±4.6 
Data show the mean of ± S.E of six animals. 
P < 0.001. Statistically significant as compared to control group. 
P < 0.05. Statistically significant as compared to RS group. 
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restraint stress (3h/day for 6 days) and ameliorative action of O. sanctum 
and C. sinensis (lOOmg/kg/day for 6 days) on Rattus norvegicus. 
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Table.4: Protective effect of O. sanctum and C. sinensis on restraint stress-induced 
alterations in forced swim test (FST). 
Groups 
Control 
RS 
RS + O.S 
OS 
RS + C.S 
CS 
Duration of Immobility (in seconds) 
60.83 ± 12.4 
130.5 ±15.2* 
55.62 ±10.4** 
58.73 ±9.2 
66.73 ± 10.2** 
63.21 ±11.5 
Data show the mean of ± S.E of six animals. 
*P < 0.001. Statistically significant as compared to control group. 
P < 0.05. Statistically significant as compared to RS group. 
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Fig. 9: Bar diagram showing the alteration of Immobility time in FST following 
restraint stress (3h/day for 6 days) and ameliorative action of O. sanctum 
and C. sinensis (lOOmg/kg/day for 6 days) on Rattus norvegicus. 
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The present study investigated the effects of OS and^~on restraint stress induced 
anxiety and depression like behavior such as EPM, OFT, TST and FST. 
Emotional stressors like restraint stress (RS) can influence the 
neurobehavioral profile of the organism and complex interactive mechanisms have 
been proposed for these effects. Many studies have indicated changes in 
behavioral and biochemical characteristics in depressed patients. In the present 
study we found that exposure to RS (3h/day for 6 days) rats appeared to have 
behavioral deficits including suppressed the activity of EPM, OFT and increased 
immobility in TST and FST. RS-induced alterations reversed with post treatment 
of aqueous extracts of OS and CS. 
Both EPM and OFT have been used effectively to assess neurobehavioral 
profile of animals under the influence of anxiogenic/anxiolyfic agents (Carobrez 
and Bertoglio, 2005). EPM increased aversion of open arms are indicative of 
enhanced anxiety state and our results indicated that sub-acute restraint stress 
caused reduction in the % number of entries and % time spent in open arms in 
EPM activity. Similarly, in the OFT exposure to RS-induced behavioral alterations 
was evidenced by increase in latency and decrease in ambulation and rearing. 
These are the indications of high level of fear or anxiety. Our results are in 
agreement with earlier studies (Masood et al., 2003; Chakraborti et al., 2007). 
Vyas et al. (2003) reported that chronic immobilization stress (CIS) elicits 
enhanced anxiety in male rats. Antioxidant treatment has shown modulating 
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effects on brain free radicals in restrained rats (Zaidi et al., 2003). Aqueous 
extracts of OS and CS were significantly increased the number of open arm entries 
and time spent in open arms. In OFT OS and CS decreased latency, increased 
ambulation and rearing significantly. These behavioral changes are suggestive of 
decreased fear or anxiety. So, both of these plants have shown anxiolytic effects 
against RS. Our results are strongly supported by the study of Gopala Krishna et 
al. (2006) who has reported antianxiety activity of NR-ANX-C, a polyherbal 
preparation, containing aqueous extracts of Withania somnifera and Shilajit and 
alcoholic extracts of OS and CS. OS is shown to have Cortisol sparing 
immunostimulant and antioxidant activities. This Cortisol sparing 
immunomodulatory activity of OS may also contribute to the behavioral 
disinhibitory activity (Bhargava and Singh, 1981; Sen et al., 1992). Earlier studies 
have shown that CS extract contain many of polyphenolic antioxidants such as 
catechins, epicatechin and epigallocatechin gallate. Epicatechin, one of its 
polyphenolic constituent has been found to enhance learning and memory ability 
in mice (Matsuoka et al., 1995). Epigallocatechin gallate markedly increased 
protein kinase C in the membrane and the cytosolic fractions of mice hippocampus 
the learning site of brain (Levites et al., 2003). Oral administration of the aqueous 
extract of M officinalis was enhanced the exploratory behavior of mice in the 
EPM and OFT and induced sedation (Coleta et al., 2001). So, our results are 
strongly supported the previous studies. 
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Both FST and TST are widely used to screen new antidepressant drugs. 
These tests are quite sensitive and relatively specific to all major classes of 
antidepressant drugs including tricyclics, 5-HT-specific reuptake inhibitors, MAO 
inhibitors and atypicals (Porsolt et al., 1977; Steru et al., 1985). In FST, mice are 
forced to swim in a restricted space from which they cannot escape, and are 
induced to a characteristic behavior of immobility. This behavior, reflecting a state 
of despair, is reduced by several agents which are therapeutically effective in 
human depression. This immobility referred to as behavioral despair in animals, is 
claimed to reproduce a condition similar to human depression (Steru et al., 1985; 
Willner, 1984). There are many herbal extracts such as A. venetum, A. catechu, B. 
monniera, C. sympodialis and R. stricta which have shown antidepressant activity 
(Kim et al., 2000; Butterweck et al., 2001; Sairam et al., 2002). As a natural 
antidepressant agent, H. perforatum is one of the well investigated medicinal 
plants (Butterweck, 2003). According to our results, OS and CS given orally are 
effective in producing significant antidepressant-like effects when assessed in FST 
and in TST. The precise mechanisms by which OS and CS produced 
antidepressant- like effects are not completely understood. There is a complex 
relationship among stressful situations, mind and body's reaction to stress and the 
onset of clinical depression. Some stress-provoked disturbances seem to be 
associated with the pathophysiology of depression (Kioukia-Fougia et al., 2002). 
Various antidepressant drugs, either by inhibiting MAO- enzyme or by inhibiting 
reuptake mechanism, increase the central monoamine levels or reverse the stress-
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induced depressive-like behavior. According to Samson et al. (2006) noise stress 
increased the level of neurotransmitters (dopamine, serotonin) significantly in 
different parts of brain like cerebral cortex, cerebellum, hypothalamus, 
hippocampus (memory center), and corpus striatum. OS prevented increase in 
neurotransmitter levels of stress treated group. In another study swimming and 
gravitational stress decreased the level of brain adrenaline (A), noradrenaline (NA) 
while increased dopamine (DA) and serotonin (5-HT) levels. MAO level was 
found to be decreased after stress. These stress-induced alterations reversed to 
normal level with the treatment of OS (Singh et al., 1991). CS and its phenoHc 
components catechins and epigallocatechin gallate, have been found to be 
effective at inhibiting MAO level. Theanine an amino acid found in CS has also 
been found to have beneficial effects by rasing the levels of serotonin and 
dopamine in various important brain regions, particularly the hypothalamus, 
hippocampus and striatum (Yokogoshi et al., 1998). These suggest that OS and CS 
might produce antidepressant-like effect by interaction with adrenoceptors, 5-HT 
and dopamine receptors, and monoamine oxidase, thereby increasing or 
decreasing the levels of NA, 5-HT and dopamine in the brains of rats. Several 
herbal preparations that have antidepressant potential also possess antioxidant 
effects. Antioxidant action may have a role in the mechanisms responsible for 
antidepressant activity of some herbal constituents (Zhang-Jin Zhang, 2004). Both 
OS and CS are antioxidant medicinal plants. So antidepressant activity may be 
correlated to antioxidant activity of these plants. 
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Conclusion 
In conclusion, OS and CS exerted anxiolytic and antidepressant-like effect in 
restraint stress-induced anxiety and depression model in rats and these effects may 
be mediated by the central monoaminergic neurotransmitter system (5-HT and 
dopamine). In the entire behavioral test OS shows higher protection than CS. So, 
we concluded that OS is more protective as compared to CS to reduce anxiety and 
depression. Further, this finding provides a scientific rationale for the co-
administration of OS and CS which may act as a useful and potent combination in 
the treatment of anxiety and depressive disorders. 
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CHapter 2 
(Protective effects ofO. sanctum 
ancCC sinensis on stress-inducecC 
iterations in Cipi(fperoj(icCation 
ancf antioj(iddnt suSstances 
Introduction 
The lipids within the membranes of cells from higher organism contain large 
number of polyunsaturated fatty acid side chains. Such fatty acids are prone to 
undergo a process known as lipid peroxidation (LPO). Exposure of lipids in cell 
membrane to free radicals stimulates the process of LPO (Halliwell and 
Gutteridge, 1984). The products of LPO are themselves reactive species and lead 
to extensive membrane, organellar and cellular damage (Cortan et al., 1999). The 
free radical activity and the extent of tissue damage are related quantitatively to 
the amount of lipid peroxide level in the blood (Yagi, 1987). Malondialdehyde 
(MDA) is one of the end products of LPO and extent of LPO is measured by 
estimating MDA levels most frequently. Increased serum level of MDA has been 
reported in cardiovascular, neurological and other diseases (Draper et al., 1986). 
Lipid peroxidative events are hazardous since lipoperoxy radicals initiate 
oxidative chain reactions damage membrane bound enzymes as well as 
membranes (Freeman and Crapo, 1982). Initiation of LPO in a membrane or free 
fatty acid is due to the attack of any species that has sufficient reactivity to abstract 
a hydrogen atom. Since a hydrogen atom has only one electron, this leaves behind 
an unpaired electron on the carbon atom. The carbon radical in a polyunsaturated 
fatty acid tends to be stabilized by a molecular rearrangement to produce a 
conjugated diene, which rapidly reacts with O2 to give hydroperoxy radical. 
Hydroperoxy radicals abstract hydrogen atom from other lipid molecules and so 
continue the chain reaction of LPO. The hydroperoxy radical combines with the 
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hydrogen atom that it abstracts to give a lipid hydroperoxide (Barber and 
Bemheim, 1967). The classically accepted mechanism of free radical lipid 
peroxidation is outlined below. 
Initiation 
LH (Lipid) + O2 
LOOH 
Propagation 
L'+02 
LOO' + LH 
Termination 
LOO' + LOO' 
* . -r * LOO+L 
L' + L' 
Free radicals, L' 
Free radicals, LOO' 
LOO" 
LOOH + L' 
LOOL + O2 
LOOL 
LL 
Lipid peroxidation and its products are toxic to various cells. Lipid 
hydroperoxides decompose to produce aldehydes (e.g., malondialdehyde) and 
other products including gaseous hydrocarbons such as ethane and pentane (Pryor, 
1978). Their decomposition is catalyzed by transition metal ions and by haem 
compounds. Lipid hydroperoxides and some of their degradation products are 
highly cytotoxic: they cause extensive damage to enzymes and to membranes, 
producing a decrease in electrical integrity (Watanabe et al., 1990). DNA can be 
damaged and so LPO can have a mutagenic effect (Wilson, 1987). Further, there is 
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some evidence that MDA is a mutagen (Black et al., 1985). Disruption of 
lysosomal membranes by LPO can spill hydrolytic enzymes into the rest of the 
cell and thus potentiate the damage. Brain is the target for different stressors 
because of its high sensitivity to stress-induced degenerative conditions. There are 
several studies that are related to the effects of stress on the antioxidant system and 
induction of LPO in brain after various stress exposure models (Madrigal et al., 
2001). Restraint stress results in elevated levels of MDA, an index of free radical 
generation and LPO in the brain (Chakraborti et al., 2007; Pal et al., 2006). One of 
the important consequences of oxidative stress is the peroxidation of membrane 
lipids. LPO is supposed to be a major biochemical alteration underlying oxidant-
induced cell injury in stress including numerous diseases (Olivenza et al., 2000, 
Zaidi and Banu, 2004). 
Sulfhydryl (-SH) group is also known as thiol group. It plays a key role in 
many important enzymes by acting as active enzymatic sites (Hoch and Vallee, 
1959). There are two major types of sulfhydryl groups viz. protein bound (PB) and 
non-protein bound (NPB). NPB sulfhydryl group has got a vital role in cellular 
detoxification against free radical mediated damage (Chio and Tappel, 1969). 
Sulfhydryl groups derived from the side chain of cysteine residues, occur in a 
number of enzymes. Sulfhydryl (-SH) group and disulfide (-SS) bond of cysteine 
are highly reactive and apparently involved in the maintenance of the 
conformation and biological activity of certain proteins. Deficiency of total and 
free sulfhydryl groups causes accumulation of peroxide in various regions of brain 
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(Tappel, 1970). Sulfhydryl groups play an important role in GST induced 
detoxification against electrophilic xenobiotics and toxicants by conjugating with 
such compound and thus neutralizing their electrophilic sites (Habig et al., 1974). 
Glutathione is a small molecule made up of three amino acids, which exists 
in almost every cell of the body. The presence of glutathione is required to 
maintain the normal function of the immune system. Glutathione has been 
considered to function as biological antioxidant. It plays a pivotal role in the 
destruction of free radicals as well as inorganic and organic peroxides (Sohal et 
al., 1984). GSH is one of the major low-molecular weight antioxidants involved in 
many cellular functions. It is the substrate for the defense enzymes glutathione 
peroxidase and glutathione S-transferase (GST) and participates in antioxidant 
reactions toward peroxides or the detoxification of xenobiotics (Dringen et al., 
2000). GSH can participate directly in radical mediated reactions, without 
enzymatic participation as a radical and protective scavenging agent (Jones et al., 
2003). Classical data show that GSH deficiency renders cells more sensitive to 
oxidative stress, while GSH precursors inducing GSH synthesis support ceil 
survival under oxidative challenge (Dringen and Hirrlinger, 2003). Moreover the 
cell response to stress often involves changes in GSH content, which may first be 
consumed in reactions that protect the cell by removing the deleterious compound 
and then restored to levels, which often exceed those found before exposure to the 
stressor. The role of GSH in the CNS has been investigated and several 
neurotransmitter characterstics were found that make GSH a putative 
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neurotransmitter (Shaw, 1998). About a decade ago, glutathione was also shown to 
have sleep-inducing activity (Honda et al., 1994). The increase in cysteine/cystine 
in the extracellular space may increase glutamate release through the cystine-
glutamate antiport. Conversely, glutamate excess has been proposed to decrease 
cysteine availability in supporting glutathione synthesis, which leads to a decrease 
in intracellular GSH and in antioxidant protection (Moran, et al.., 2003). 
Glutathione has been shown to interfere with the redox site of the NMDA 
glutamate receptor, which opens a wide range of possible effects in the CNS 
(Janaky et al., 1999). 
Several reports describe stress-induced changes in pro-and antioxidant 
parameters that have been reported to cause accumulation of oxidative mediators 
(Garcia-Bueno et al., 2005; Madrigal et al., 2002). Similar to acute stress (Gonenc 
et al., 2000; Zaidi et al., 2003, Zaidi and Banu, 2004) repeated stress has been 
shown to increase LPO indicators, to produce a decrease in antioxidant enzymatic 
activities and in glutathione levels (D Almeida et al., 2000; Silva et al., 2004). 
Altogether, literature data strongly indicate the participation of oxidative 
mediators and the antioxidant defense system in the CNS response to stress, which 
demonstrates the need for further investigation. 
The aim of this study is to investigate the effects of restraint stress on lipid 
peroxidation and antioxidant defense system and determine if O. sanctum (OS) 
and C sinensis (CS) provide a neuroprotective effect against restraint stress 
induced oxidative damage to lipid peroxidation and thiol groups. 
64 
Materials and Methods 
As described in Chapter. 1 
Tissue preparation 
On seventh day immediately after behavioral tests the animals were sacrificed by 
cervical dislocation. Their brain parts i.e. cerebrum, cerebellum and brain stem 
dissected out cleaned with ice cold saline solution. The brain parts were then 
subjected for the assay of lipid peroxidation (LPO), total sulfhydryl grouop (TSH) 
and free sulfhydryl group (GSH). 
Estimation of Lipid peroxidation 
Malondialdehyde, a marker of lipid peroxidation was determined by Okhawa et al. 
(1979). 
Principle 
Acetic acid detaches the lipid and protein of the tissue. The protein in the reaction 
mixture is dissolved by the addition of sodium lauryl sulphate. 2-Thiobarbituric 
acid (TBA) reacts with lipid peroxide, hydroperoxide and oxygen labile double 
bond to form the coloured adducts with absorption maximum at 532 nm. 
Chemicals and reagents 
(i) O.IM phosphate buffer (pH 7.4) 
(ii) Sodium lauryl sulphate (8.1%) 
(iii) Acetic acid (20%) (pH 3.5) 
(iv) 2-Thiobarbituric acid (0.8%) 
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800 mg of TBA was suspended in 20 ml double distilled water, the pH 
was adjusted to 7.0 by 0.1 N NaOH. This TBA was dissolved and 
volume (vol) was adjusted to 100 ml with distilled water, 
(v) n-Butanol 
Procedure 
Briefly the reaction mixture consisted vol of 0.2 ml of 8.1% sodium lauryl 
sulphate, L5 ml of 20% acetic acid (pH 3.5) and 1.5 ml of 0.8% aqueous solution 
of thiobarbituric acid and 0.2 ml of brain homogenate. The mixture was made up 
to 4 ml with distilled water and heated at 95°C for 60 min. After cooling with tap 
water, 5 ml of n-butanol and pyridine (15: 1, v/v) and 1 ml of distilled water were 
added and centrifiiged. The organic layer was separated out and its absorbance 
was measured at 532 nm using UV-visible spectrophotometer and MDA content 
was expressed as nmol/mg protein. An appropriate standard made up of 
malondialdehyde (MDA) 2.5 n mol was run simultaneously. 
Calculation 
Standard absorbance of malondialdehyde (2.5n mol) was used to calculate the 
amount of lipid peroxide in the samples and results were expressed as n mole of 
MDA/ mg protein. 
Estimation of total sulfhydryl group 
The estimation of total sulfhydryl group was done by the method of EUman 
(1959). 
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Principle 
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) is reduced by -SH groups of 
glutathione (GSH) in alkaline medium to produce one mole of 2-nitro-5-
mercaptobenzoic acid per mole of -SH group. The anion (2-nitro-5-
mercaptobenzoic acid) has an intense yellow colour, it can be used to measure -
SH group at 412 nm. 
Chemicals and reagents 
(i) Standard solution of 2 x 10"^ M of GSH was prepared by dissolving 
6.146 mg GSH in 10 ml of 0.1 M phosphate buffer, pH 8.4 
(ii) 0.1 M phosphate buffer (pH 7.4) 
(iii) 0.1 M phosphate buffer (pH 8.4) 
(iv) 0.01 M DTNB 
(v) O.OIM solution of DTNB was prepared by dissolving 0.009 mg DTNB 
in 25 ml of absolute methanol 
(v) Absolute methanol 
Procedure 
Different parts of the brain were homogenized in chilled 0.1 M phosphate buffer 
(pH 7.4) and the vol was adjusted to give a 10% (w/v) homogenate. In 0.1 ml 
brain homogenate, 2 ml of phosphate buffer (0.1 M, pH 8.4) and 0.5 ml of DTNB 
were added. The mixture was shaken and made to 10 ml with 7.3 ml of absolute 
methanol. The reaction mixture was centrifliged at 6000 x g for 5 min in cold. The 
absorbance of the clear supernatant was read at 412 nm. A calibration curve with 
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different concentrations of GSH (100-600 [i moles) was obtained according to the 
same procedure as described above. 
Calculation 
Total -SH group in the samples were calculated using the calibration curve and 
the results were expressed as \i moles/g tissue. 
Estimation of free sulfhydryl group 
Free sulfhydryl group was measured according to the method of Ellman (1959). 
Principle 
Same as for total sulfhydryl group estimation. 
Chemicals and reagents 
(i) Standard solution of 2 x 10"^ M of GSH was prepared by dissolving 
6.146 mg GSH in 10 ml of 0.1 M phosphate buffer, pH 8.4 
(ii) 0.1 M phosphate buffer (pH 7.4) 
(iii) 0.1 M phosphate buffer (pH 8.4) 
(iv) O.OIMDTNB 
(vi) 10%TCA 
Procedure 
Brain parts were homogenized (10% w/v) in chilled 0.1 M phosphate buffer (pH 
7.4). 1.0 ml brain (10%) homogenate was deproteinized by adding 1.0 ml of 10% 
TCA and centrifuged at 6000 x g for 5 min to separate the proteins. In 0.1 ml of 
this supernatant 2 ml of phosphate buffer (0.1 M, pH 8.4), 0.5 ml of DTNB and 
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0.4 ml of DDW was added. The mixture was vortexed and absorbance was read at 
412 nm within 15 min. A calibration curve with different concentrations of GSH 
(100-600 \i moles) was drawn by the same procedure as described above. 
Calculation 
Free -SH group in the samples were calculated using the calibration curve and the 
results were expressed as |i moles/g tissue. 
Statistical analysis 
Results are expressed as Mean±S.E.M. LPO, TSH, and GSH levels were analysed 
by student's Hest using SPSS (10.0) statistical software. F < 0.001, P < 0.01 were 
considered as statistically significant. 
Results 
Lipid peroxidation 
The level of the rate of MDA increased significantly in cerebrum, cerebellum and 
brain stem after restraint stress in comparison to non stressed control rats (P < 
0.001). Maximum elevation was in cerebrum (33%) and minimum was in 
cerebellum and brain stem (32%). A significant depletion in the lipid peroxide 
level was observed in cerebrum (31%, 32%), cerebellum (32%, 36%), and brain 
stem (30%, 33%) after post-treatment of aqueous extracts of OS and CS 
respectively as compared to restraint stress group {P < 0.01). MDA level was 
decreased more by CS than OS while when OS and CS were given alone there was 
no significant change as compared to control (Table 5, Fig 10). 
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Total sulfhydryl group 
Restraint stress caused a significant decrease in TSH level of all three parts of 
brain as compared to control {P < 0.001). Maximum depletion was in cerebellum 
(29%) and minimum was in brain stem (24%). 26%) depletion was found in 
cerebrum. Post-administration of OS and CS extract were significantly increased 
the levels of TSH in cerebrum (25%, 27%), cerebellum (28%, 32%) and brain 
stem (22%), 25%) (/* < 0.01, P < 0.001) as compared to restraint stress group So, 
CS shows higher protection than OS to increase TSH level. Oral administration of 
OS and CS alone did not show any significant change as compared to control 
(Table 6, Fig 11). 
Reduced glutathione 
GSH level was also decreased significantly after restraint stress in discrete regions 
of brain as compared to control {P < 0.001). Maximum depletion was in cerebrum 
and cerebellum (32%, 31%) and minimum was in brain stem (27%). Oral 
administration of OS and CS extracts significantly increased the levels of GSH in 
cerebrum (31%, 34%), cerebellum (32%, 33%) and brain stem (30%, 31%) as 
compared to stress group {P < 0.01). So, CS shows higher protection than OS to 
recover the GSH upto normal level. OS and CS did not show any significant 
change when induced alone (Table 7, Fig 12). 
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Discussion ^';; , . _^ ^—-
This is the first study that compares the antioxidant activities of OS and CS on 
stress-induced alterations in different parts of brain (cerebrum, cerebellum and 
brain stem) and determines which one is more protective according to antioxidant 
status and lipid peroxidation (LPO) markers in different regions of brain. 
It is well known that restraint stress response results in creation of reactive 
oxygen species, e.g., hydrogen peroxide (H2O2), hydroxyl radical (OH*) and 
superoxide anion radical (O2") that cause LPO, especially in membranes and can 
play an important role in tissue injury. The exact mechanism of stress has not yet 
been clearly defined. However, there have been many reports suggesting that free 
radicals play an important role in the mechanism of stress (Olivenza et al., 2000). 
Since brain contains large amounts of polyunsaturated fatty acids, which are 
particularly vulnerable to free radical attacks it is the target for different stressors 
that initiate LPO, a self-propagating chain reaction resulting in significant tissue 
damage and disease. The unsaturated bonds of membrane lipids can readily react 
with free radicals and undergo peroxidation (Jesberger and Richardson, 1991). 
Each lipid peroxides a free radical and once initiated the process of peroxidation 
can become autocatalytic and, lipid peroxide attacks a neighbouring fatty acid to 
yield additional lipid peroxide products. These lipid peroxides readily decompose 
to liberate highly reactive carbonyl fragments such as malondialdehyde (Tappel, 
1973). In our study, LPO increased markedly after restraint stress (3h/day for 6 
days) in cerebrum, cerebellum and brain stem. Stress induced LPO in brain 
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(Matsumoto et al., 1999; Madrigal et al., 2001) and in different tissues of animals 
has been reported (Bian et al., 1997). So our results are strongly supported by 
earlier studies. Additionally, our experimental data showing that TSH and GSH 
levels became decreased in different parts of brain following restraint stress. 
Therefore, in line with results of previous reports, it could be suggested that the 
elevation of LPO in stress could be resulted from the depletion of antioxidant 
enzymes (Zaidi et al., 2003; Zaidi and Banu, 2004). LPO causes cellular damage 
and may explain why stress causes neuronal loss in the brain. LPO results in loss 
of membrane polyunsaturated fatty acids and alterations in properties of plasma 
membranes may be responsible for the degeneration of neurons and subsequent 
neuronal dysfunction (Farooqui and Horrocks, 1998). It has also been suggested 
that peroxidation of synaptic endings modifies the lipid content of synaptoplasmic 
membranes. This consequently leads to severe disturbances in the function of 
neurotransmitter uptake systems and depolarization-dependent calcium channels 
(Dabrowiecki et al., 1985). Our results provide evidence to support the hypothesis 
of the involvement of oxidants in stress. The membrane injury following LPO 
causes disruption of the tissue integrity (Bagchi et al., 1999). Therefore, LPO has 
supposed as the major biochemical alteration underlying oxidant-induced cell 
injury in stress including numerous diseases (Olivenza et al., 2000; Zaidi and 
Banu, 2004). The enhanced LPO may also be due to marked depletion of GSH 
content of brain, which acts as one of the guarding factors against oxidative stress. 
It is reported that stress reduces GSH levels and leads to increased levels of ROS 
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(Liu et al., 1996). GSH depletion may lead to an increased lipid peroxidation, 
possibly due to the lowering of the cellular defence system against endogenous 
toxic intermediates (Younes and Siegers, 1981). Evidence has been presented that 
the neuronal defense against H2O2 which is the most toxic molecule to the brain, is 
mediated primarily by the glutathione system (Dringen, 2000). Further, it is 
evidenced by Zaidi et al. (2003) that stress caused depletion of the glutathione-
based antioxidant defense system. Therefore, it is reasonable to expect that the 
decrease of TSH, GSH may be a risk factor for enhancement of LPO because of 
their protecting effect against free radical damage (Zaidi and Banu, 2004). 
Exogenous supplementation of antioxidants has been reported to exert 
protective effect in various pathological states in which free radicals are involved 
(Ozcan et al., 2004). In this regard OS and CS were used in the present study since 
they have recently gained considerable attention as antioxidants. However, the 
effect of OS and CS individually or in combination with restraint stress induced 
oxidative damage in brain has not been studied earlier. In our study, post-treatment 
of OS and CS reversed the oxidative stress markers associated with RS exposure 
in different parts of brain of albino rats. LPO decreased while TSH and GSH 
levels increased significantly after post-treatment of OS and CS following restraint 
stress. The significant reduction in LPO clearly demonstrates that both of these 
plants protect different parts of brain against stress induced oxidative damage. In 
accordance with the earlier studies (Sood et al, 2006; Samson et al., 2006), OS 
has been found to be highly effective in protecting stress-induced LPO. The effect 
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of OS on the plasma glucose, serum lipid, peroxidase and antioxidant enzymes are 
documented (Eshrat et al., 2001). OS may also have neuroprotective effect in rat, 
particular in reperfusion injury (Yanpallewar et al., 2004) and radioprotective 
effects in vivo and antioxidant activity in vitro (Ganasoundari et al., 1997a). 
Euginol is an active constituent of OS which is responsible for its free radical 
scavenging action (Kelm et al., 2000). Compounds of CS scavenge a wide range 
of free radicals, including the most active hydroxyl radical, which may initiate 
LPO. Therefore, catechins (green tea polyphenols) may decrease the concentration 
of lipid free radicals and terminate initiation and propagation of LPO. They can 
protect brain from LPO, deamination induced by oxidative stress. This is 
evidenced by the fact that CS extract can decrease LPO markers in the liver, serum 
and brain (Skrzydlewska et al., 2002). The protective effects of the CS extract on 
CNS was decreased the level of LPO products (Rice-Evans et al., 1996). 
Protective effect of CS has also been reported against ethanol induced LPO in 
liver and brain (Ostrowska et al., 2004), oxidative stress in plasma and . 
erythrocytes (Coimbra et al., 2006). Recently, it has been reported that CS 
consumed within a balanced controlled diet improve the overall antioxidative 
status and protect against oxidative damage in humans (Erba et al., 2005). So, our 
results are strongly supported to these studies. The finding, that both OS and CS 
inhibited LPO suggests that these plants may exert a chelating effect in protecting 
against LPO initiated by the iron ions bound to membrane lipids. The decreasing 
amount of LPO products after administration of OS and CS with restraint stress 
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were accompanied by a concomitant increase in tlie activities nonenzymatic low-
molecular antioxidants. Our data indicated that stress induced a significant 
inhibition of TSH and GSH activities, which were elevated by post administration 
of OS and CS with respect to stressed rats. These findings are strongly supported 
by earlier studies (Uma Devi and Ganasoundari, 1999; Ostrowska et al., 2004). 
The LPO inhibition and TSH, GSH elevation property of these adaptogens is of 
the order: CS > OS. The finding that OS and CS given orally after restraint stress 
at a time when TSH and GSH levels were elevated, brings about a significant 
decrease in LPO level suggests that OS and CS protection may be mediated 
through modulation of cellular antioxidant levels. 
Conclusion 
Summarizing the effects of OS and CS, we demonstrated that OS and CS prevents 
the oxidative stress as well as attenuates the stress-induced changes in lipid 
peroxidation and nonenzymatic antioxidant defence system but CS shows higher 
protection than OS for depletion of LPO and elevation of TSH and GSH in 
cerebrum, cerebellum and brain stem. In conclusion, the present study provides 
experimental evidence for OS and CS as a neuroprotective agent and emphasizes 
the need to understand more fully the neuropharmacological effects of OS and CS. 
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Cfiapter 3 
Jimefiorative action ofO. 
sanctum andC sinensis on stress-
inducedoo^idative changes in 
antio:Kidant enzymes 
Introduction 
Living cells protect themselves from oxidative damage by low molecular weight 
antioxidants including enzymatic and non-enzymatic antioxidant system 
(Halliwell and Cross, 1994). These cellular defenses reduce the steady-state 
concentrations of free radical species and repair oxidative cellular damage. The 
antioxidant defense system includes enzymes such as superoxide dismutase (SOD) 
and Catalase (CAT), which decrease the concentration of the most harmful 
oxidants. 
Superoxide dismutase is a very important enzyme which is essential for the 
survival of aerobic cells. Peroxide radical is a common intermediate of oxygen 
reduction. It is readily generated by so many spontaneous and enzymatic 
oxidations that they may be assumed to be produced within all respiring organisms 
(Misra and Fridovich, 1972). SOD is the enzyme which catalytically scavaenges 
the superoxide radical, which appears to be an important agent of oxygen toxicity 
and hence, provides a natural defence mechanism against oxidative damage to 
tissues (Fridovich, 1975) against deleterious effects of this radical or other free 
radicals which might be produced by its further reactions with cellular 
components. The superoxide anion is a free radical formed by one electron 
transfer to oxygen. 
02 + e" •O2*' 
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SOD catalyses the dismutation between two moles of superoxide anion to yield 
one mole of oxidized product (oxygen) and one mole of reduced product 
(hydrogen peroxide) (Klug et al., 1972). 
02*' + 02' + 2 H"^  • O2 + H2O2 
Superoxide arises naturally in some enzymatic reactions (Fridovich, 1978) 
such as xanthine oxidase, dihydro-oratic acid oxidase aldehyde oxidase and 
tryptophan dioxygenase or during the auto-oxidation of tissue constituents such as 
reduced flavins or ascorbate or more dramatically during the rapid spontaneous 
auto-oxidation of certain neuronal toxins such as 6-hydroxy-dopamine or 6-
aminodopamine (Cohen and Heikilla, 1974). 
Several forms of SOD have been identified since the enzyme was first 
discovered in 1969 by McCord and Fridovich. They identified the enzymatic 
activity associated with erythrocuprein, a copper-zinc protein of erythrocytes. 
Fried and Mandel (1975) indicated that very high levels of activity are present in 
liver, while the adrenals, kidney and red blood cells have intermediate activity and 
lower activities were found in most other tissues including brain. Studies on both 
microorganisms as well as higher organisms established that SOD serves as an 
essential defense mechanism against oxygen toxicity (Crapo and Tiemey, 1974). 
Peroxidative damage has been established as principal mediator of free radical 
toxicity. Oxidative and chemical stress (Shukla et al., 1987) inhibited SOD activity 
in various regions of brain in growing rats. They suggested that stress directly and 
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indirectly through inhibition of SOD increase Upid peroxidation in cell membrane 
and this produces damage to associated physiological functions leading CNS 
dysfunction. 
Principal sources of superoxide include electron leak during mitochondrial 
electron transport, perturbed mitochondrial metabolism and inflammatory 
responses to injury (Halliwell and Gutteridge, 1999). The major oxidative stress 
produced by superoxide is derived from its participation in peroxynitrite formation 
(Beckman et al., 1990) and its involvement in the iron-catalysed Haber-Weiss 
reaction (Liochev and Fridovich, 2002), causing hydrogen peroxide to be 
converted to hydroxyl radical. 
Catalase (CAT) is another scavenging enzyme which catalyzes the 
breakdown of hydrogen peroxide to water and oxygen (Scott and Harrington, 
1990). 
2H2O2 • 2H2O + O2 
It is a tetrahemin enzyme and each" tetrameric molecule of human and 
bovine catalase has four molecules of tightly bound NADPH (Kirkman et al., 
1987). H2O2 is a known cytotoxin and produced during amine metabolism in CNS 
(Tipton, 1968). CAT reduces H2O2 and thus serves a protective role in brain 
metabolism. In CNS, CAT is largely associated with small subcellular particles 
termed as "microperoxisomes" (Mckenna et al., 1976). A protective role for CAT 
in brain is the removal of H2O2 which can induce damage to tissue constituents by 
oxidizing enzymes or membrane sulfhydryl groups or by initiating LPO. It has 
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been tested that CAT prevents ascorbate-induced somatic mutation (Rosin et al., 
1980), free radical-induced aldehyde formation in DNA (Sinha and Patterson, 
1983), LPO (Koster and Slee, 1980) and DNA scissions caused by H2O2 (Yonei et 
al., 1987). Increased H2O2 concentration and lipid peroxides levels are often 
associated with the decreased CAT activity (Vani et al., 1990). Gunner et al. 
(1985) observed decreased H2O2 detoxification by CAT in human brain tumoral 
tissue as compared to normal. Contrarily, the absence of CAT activity was 
reported in tumor cells by Muhammad and Kurup (1984). CAT is much more 
important for clearance of H2O2 in neurons whereas the glutathione system plays a 
more significant role in glial cells. CAT inhibition is associated with functional 
and metabolic disturbances of the CNS. Many available reports indicate that SOD 
and CAT form a "defensive team" effective against endogeneously produced 
superoxide anion (O2") (Potmesil et al., 1984; Ahmed et al., 1987). 
Stress can be defined as physical and psychological modifications that 
disrupt the homeostasis and the balance of organisms. Intensive stress has 
detrimental effects on organism by causing cellular and tissue injury. The 
mechanisms underlying stress-induced tissue damages are not yet fully 
understood, however, accumulating evidence has implied that the production of 
free radicals plays a critical role in these processes (Liu et al., 1996; Olivenza et 
al., 2000; Madrigal et al., 2002; and Zaidi et al., 2003). Previous studies have 
indicated that stress stimulated numerous pathways leading to increased levels of 
free radicals (Liu et al., 1996; Olivenza et al, 2000; Matsumoto et al., 1999). One 
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of the reasons for the stress-induced enhancement of free radicals may be the 
elevation of nitric oxide (NO) production (Matsumoto et al., 1999). NO may 
interact with oxygen, superoxide anion, and thiol compounds, generating reactive 
oxygen species (NOx), peroxynitrite (ONOO') and s-nitrosothiols including s-
nitrosoglutathione (GSNO). Under normal conditions, there is also a natural 
defense system provided by several enzymes such as SOD and CAT which 
performs a vital role for detoxification of free radicals. 
Restraint stress is a good model for investigating the alteration occurring in 
oxidant-antioxidant balance in tissues of rats. The use of antioxidant rich food or 
antioxidant food supplements became immensely popular since many diseases 
have been associated with oxidative stress. Therefore, in the last decade, an 
increasing amount of attention has been focused on free radical scavengers that are 
able to protect against aberrant effects of free radicals. So the present study was 
designed to investigate the effect of oxidative stress generated by restraint stress 
on brain parts was evaluated in terms of measurement of free radical scavenging 
enzymes like SOD and CAT. The antioxidative potential of O. sanctum (OS) and 
C. sinensis (CS) alone and in combination with restraint stress was studied on 
restraint stress-induced oxidant / pro-oxidant status of the rat brain. 
Materials and Methods 
As described in Chapter 1. 
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On seventh day, immediately after the behavioral tests rats were sacrificed by 
decapitation. The brains were dissected out into cerebrum, cerebellum and brain 
stem. The brain parts then subjected for the assay of superoxide dismutase (SOD) 
and catalase (CAT). 
Estimation of Superoxide dismutase 
SOD activity was measured by the method of Nandi and Chatterjee (1988). 
Principle 
SOD principle depends upon auto-oxidation of pyrogallol. 
Pyrogallol + O2 • oxidation product + O2 (i) 
lOi + lW" • O2 + H2O2 (ii) 
Chemicals and reagents 
(i) 0.1 M phosphate buffer (pH 7.4) 
(ii) 0.05 M phosphate buffer (pH 8.5) 
(iii) 8 mM pyrogallol 
Procedure 
Different parts of brain were homogenized in a proportion of 1:10 (w/v) ice cold 
phosphate buffer (0.1 M phosphate buffer, pH 7.4). The homogenates were 
centrifiiged for 60 min at 10,000 x g at 4°C. 0.05 ml of clear supernatant was 
added to 2.85 ml of 0.05 M phosphate buffer (pH 8.5), mixed well and incubated 
at 25^ C for 20 minutes. The reaction was started by adding 0.1 ml of 8mM 
pyragallol solution. The content was shaken well and change in OD/ minute was 
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immediately recorded for 3 minutes at 420 nm. A reference set consisting of 0.05 
ml of DDW instead of the sample solution (clear supernatant) was also run 
similarly. 
Calculation 
CA/min. ref - A/min.samole) x30 
SOD= ~ ~ units/10 me tissue 
(A/min. ref 12 x 0.05 x l 
Where, 
A/min ref = change of OD/min in ref set. 
A/min sample = change of OD/ min in sample set. 
Activity unit 
One unit of the enzyme is defined as the amount of enzyme which causes a 50% 
inhibition of pyrogallol auto-oxidation under assay conditions. 
Estimation ofCatalase 
Catalase activity was measured by the method of Aebi (1984). 
Principle 
It catalyzes the following reaction: 
2H2O2 • 2H2O + O2 
In the UV range H2O2 shows a continual increase in absorption with decreasing 
wavelength and maximum at 240 nm. The decomposition of H2O2 can be followed 
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directly by the decrease in extinction at 240 nm (E 240 = 40 cm l\\. mole). The 
difference in extinction (E 240) per unit time is the measure of the catalase 
activity. 
Chemicals and reagents 
(i) 0.05M phosphate buffer (pH 7.0) 
(ii) 0.03M Hydrogen peroxide 
0.34 ml of 30% H2O2 was diluted to 100 ml with phosphate buffer. 
Procedure 
Briefly 0.1 ml of supernatant was added to a cuvette containing 1.9 ml of 0.05M 
H2O2 phosphate buffer (pH 7.0). The reaction was started by the addition of 1 ml 
of freshly prepared 0,03M H2O2. The rate of decomposition of H2O2 was measured 
spectrophotometrically by changes in absorbance at 240 nm after every 30 seconds 
for 3 minutes. 
Calculation 
The enzyme activity was calculated on the basis of molar extinction coefficient of 
H2O2 (40 cm )^ and specific activity of enzyme was expressed as jiM of H2O2 
decomposed / min / mg protein. 
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Statistical analysis 
Results are expressed as Mean±S.E.M. SOD and CAT levels were analysed by 
Student's Mest using SPSS (10.0) statistical software. P < 0.001, P < 0.01 were 
considered as statistically significant. 
Results 
Superoxide dismutase 
Significant inhibition of SOD activity in cerebrum, cerebellum and brain stem 
was observed after restraint stress (P < 0.001). Maximum inhibition was in 
cerebellum (24%) and minimum was in cerebrum and brain stem (22%, 21%). 
Post-administration of aqueous extracts of OS and CS in combination with 
restraint stress was significantly protected the level of SOD in cerebrum, (26%, 
24%) cerebellum (25%, 22%) and brain stem (23%, 21%) respectively as 
compared to RS group {P < 0.01). OS increased the activity of SOD more than 
CS. OS and CS per se group did not show any significant change as compared to 
control (Table 8, Fig 13). 
Catalase 
Restraint stress was induced depletion in CAT activity in discrete regions of brain 
as compared to their respective control group {P < 0.001). Maximum depletion 
was in cerebrum (29%) and minimum in cerebellum and brain stem (27%, 18%). 
Treatment of OS and CS showed a significant elevation in the activity of CAT in 
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cerebrum (32%, 30%), cerebellum (29%, 26%) and brain stem (27%, 24%) as 
compared to RS group respectively (P < 0.05). The activity of CAT is recovered 
more by OS as compared to CS. OS and did not show any significant change, 
respectively. (Table 9, Fig 14). 
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Fig. 13: Bar diagram showing the alteration of SOD in three regions of brain 
following restraint stress (3h/day for 6 days) and ameliorative action of O. 
sanctum and C sinensis (lOOmg/kg/day for 6 days) on Rattus norvegicus. 
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Discussion 
A perusal of the results indicates: (a) depletion of SOD and CAT on different 
brain parts following restraint stress (3h/day for 6 days) and (b) reversal of such 
decreased levels after treatment with aqueous extracts of OS and CS. This is 
interesting and suggests a protective effect of these medicinal plants on stress-
induced alterations in these biochemical parameters. It can be concluded that these 
plants have an excellent antioxidant activity. Stress is a crucial precipitating factor 
in the pathogenesis of variety of neuropsychiatric disorders (Bale, 2006). In our 
study, exposure of restraint stress significantly decreased the levels of SOD and 
CAT in cerebrum, cerebellum and brain stem indicating depletion of antioxidant 
resources on exposure of albino rats to restraint stress induced free radical stress. 
Oxidative stress inhibited SOD activity in various regions of brain in rats (Shukla 
et al., 1987), which is consistent with the results observed for our study. The 
decrease in SOD activity may have occurred as a result of oxidative modification 
of the polypeptide chains of the enzymes during restraint stress (Davydov and 
Shvets, 2003). A remarkable decease in SOD activity after restraint stress detected 
in our work can thus be responsible for the formation of superoxide radical during 
stress. It has been reported that production of radicals in the brain is due to 
catecholamine metabolism such as dopamine and norepinephrine (Venarucci et al., 
1999), and elevated catecholamine levels may undergo autooxidation, in which 
electrons are generated that in turn can produce reactive oxygen species (ROS) 
(Carpagano et ah, 2003). Therefore to neutralize ROS, the body uses mainly 
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enzymatic copper, zinc-superoxide dismutase (Cu, Zn-SOD), catalase (CAT) and 
selenium-dependent glutathione peroxidase (Se-GSH-Px) and non-enzymatic 
antioxidants, e.g. reduced glutathione (GSH). Antioxidant enzymes are considered 
as primary defense mechanisms that protect biological macromolecules from 
oxidative damage. Our data indicated that stress induced a significant inhibition of 
SOD. The possible reason for this finding could be the decreased of this enzyme 
caused by enhanced LPO in the stress condition (Chaudiere and Ferrari-Iliou, 
1999). After restraint stress SOD activity is significantly decreased exacerbating 
neuronal cell damage. This endangerment consistently correlates with disruption 
of energy pathways and low energy availability. SOD is the first enzyme of the 
scavenger enzyme series to ameliorate the damage caused in the cells by free 
radicals (Slater, 1984). Formafion of superoxide radicals after chemical stress has 
been shown from our laboratory (Naqvi and Hasan, 1992). Decrease in SOD 
activity detected in our work can thus be responsible for the formation of 
superoxide radicals during restraint stress. 
Decrease in the activity of CAT in stress is consistent with earlier studies 
(Al-Qirim et al., 2002, Yargicoglu et al., 2004; Zaidi and Banu, 2004). CAT 
activity was suggesting that it attenuates the excessive formation of ROS. The rate 
of inhibition of CAT is dependent upon the rate at which generated H2O2 or added. 
H2O2 and free radical by product (the hydroxyl radical) have been strongly 
implicated in neuronal degeneration induced by monoamine neuron toxins such as 
6-hydroxydopamine or 5, 7 dihydrotryptamine (AUis and Cohen, 1977). The 
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decline in CAT can be attributed to ineffective scavenging of H2O2 resulting in 
increased H2O2 levels, which can react with O2 to give OH radical and thus 
increased LPO. The reduction in CAT activity is either due to its increased 
degradation or decreased synthesis and may also be due to the simultaneous 
increase in peroxidase activity. Also it might be attributed to the decreased ability 
of CAT to detoxify peroxides with restraint stress and inactivation of CAT by free 
radicals. SOD and CAT both are scavenger enzymes that are reported to work 
together to eliminate toxic free radicals (Fridovich, 1981). 
Experimental studies have shown that phenolic compounds, particularly 
flavonoids and catechins are important antioxidants and superoxide scavengers. 
Their scavenging efficiency depends on the concentration of phenol and the 
number and location of the hydroxyl groups (Benavente-Garcia et al., 2002). 
Earlier workers have reported the antioxidant properties of flavonoids from 
different sources. A relation between the antioxidant property and radiation 
protection by flavonoids has been suggested by Shimoi et al. (1996). Aqueous 
extract of OS contains two flavonoids i.e. orientin and vicenin (Uma Devi et al., 
1998). These flavonoids act by scavenging the hydroxyl radicals (Ganasoundari et 
al., 1997a). Both of these flavonoids contain large amount of hydroxyl groups and 
singlet oxygen. So the presence of these flavonoids present in aqueous extract of 
OS may be held responsible for its free radical scavenging activity. The most 
effective polyphenol (catechin) of CS is EGCG in the inhibition of free radical 
induced injury. It has been proved to penetrate into the cerebral parenchyma 
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through the blood brain barrier in an animal experiment (Suganuma et al., 1998) 
and therefore due to the presence of this polyphenol CS can be possibly developed 
as an effective neuroprotective antioxidant. Catechins contain free radical 
scavenging properties and act as biological antioxidants. It has been demonstrated 
that they can scavenge both superoxide and hydroxyl radicals (Guo et al., 1996; 
Nanjo et al., 1999), and 1, 1 diphenyl-3-picrylhydrazyl radical (Nanjo et al., 1999; 
Zhao et al., 2001), carbon centre free radicals, singlet oxygen and lipid free radical 
(Guo et al.,1996; Zhao et al., 2001). In addition, after the oxidation of catechins 
due to their reaction with free radicals, a dimerised product is formed, which has 
been shown to have increased superoxide scavenging and iron chelating potential 
(Yoshino et al., 1999). So, both of these plants protect antioxidant enzymes (SOD, 
CAT) from stress-induced alterations in CNS of male albino rats due to the 
presence of these compounds. Declined SOD activity in different parts of brain of 
stressed rats was brought back to a normal level with post administration of OS 
and CS. This result can be explained by increasing effect of both of these plants 
extracts on nerve growth factor (NGF). NGF provides expression of superoxide 
dismutase gene which is a factor leading to increment of SOD (Nistico et al., 
1992). Significant elevation of SOD and CAT activities with OS and CS are also 
supported by earlier researchers (Young et al., 2002; Erba et al., 2005; 
Skrzydlewska et al., 2005; Samson et al., 2006; Sood et al., 2006). The SOD and 
CAT protection with these medicinal plants is of the order: OS>CS. 
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Conclusion 
Administration of OS and CS were able to attenuate the restraint stress-induced 
inhibition of SOD and CAT activities indicating their adaptogenic property. Thus 
OS and CS could have the potential for scavenging free radical generated in the 
brain tissues in order to reduce oxidative stress and may play an important role in 
free radical generated diseases. But OS shows higher protection than CS to 
ameliorate restraint stress induced changes in both scavenger enzymes of CNS on 
Rattus norvegicus. 
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Cdapter 4 
(protection ofnucteic acids and 
protein witfi 0. sanctum andC 
sinensis against stress-induced 
oj(idative damage 
Introduction 
In the Central Nervous system (CNS), nucleic acids (DNA, RNA) are 
characterized by their size, composition and role in protein synthesis. In the brain 
the nucleic acids provide for the storage and transmission of this information 
leading to the synthesis of cellular proteins (White et al., 1978). 
Psychological and physical stresses are common and attracting the 
increasing attention. Circulatory diseases and ulceration of digestive tract are 
proven to be related to stress. Less well-understood is the contribution of stress to 
oxidant production, especially in the brain. This is important because of 
considerable evidence that the formation of oxidants, damaging cellular molecules 
such as DNA, is a major contributor to aging and the degenerative diseases of 
aging such as brain dysfunction, cancer, cardiovascular disease, and immune 
system decline (Adachi et al., 1993). It is well-known that restraint stress response 
results in reactive oxygen species / or free radicals. Free radicals may depress or 
inhibit the repair of sub-lethal damage which has been brought by hyperthermia or 
lethal damage (Hidefuku et al., 1984). Reaction with thymidine in nuclear and 
mitochondrial DNA produce single strand breaks in DNA. This DNA damage has 
been implicated in cellular ageing and in malignant transformation of cells. Free 
radicals may give rise to hydroxylation of nucleic acid bases (Olson and 
Kobayashi, 1992). 
A knowledge of DNA helps in understanding the tissue components such as 
average cell densities, dry weight / average cell and total number of cells in each 
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brain areas (May and Grenell, 1959). Since the majority of cells in brain area are 
diploid, there is generally a fixed quantity of DNA per cell (Heller and Elliot, 
1954). The amount of DNA in white matter approximately equals that in the 
cortex and regional differences in the amount of brain DNA is relatively small 
(Elliot and Heller, 1957). However, only cerebellum shows exceptionally high 
amounts of DNA (May and Grenell, 1959). 
The study of RNA is very helpful in knowing the rate of protein synthesis 
and also to understand the functional status of the nervous tissue (Bergen et al., 
1974). The amount of RNA in gray matter usually exceeds than white matter and 
it is highly concentrated in the nucleolus and in the Nissl substance of the 
cytoplasm of nerve cells (Mihailovic et al., 1958; Casperrson, 1936). The RNA 
concentration has also shown variations with in different brain regions, the highest 
concentration being in cerebellum, hypothalamus and cerebral cortex and the 
lowest in medulla (May and Grenell, 1959). Several investigators have observed 
that there is proportionality between RNA content and the surface area of the cell 
body (Edstran, 1956). The periicarya contain more RNA than axons. RNA and 
protein synthesis may be involved in the accrural of sensory information in the 
brain, thus indicating a possible approach to elucidation of brain function on a 
molecular basis (Hyden, 1964). He further reported that content of RNA in 
neurons vary over a wide range. Brain has high rate of metabolic activities. It 
therefore, needs more proteins; this view is correlated with presence of large 
number of cytoplasmic ribosomes. 
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Protein is one of the important biochemical components of the brain in 
vertebrates. It constitutes 40% of the dry weight of the whole fresh brain 
(Mcllwain and Bachelard, 1971). This difference probably affects the large 
volume of tissue occupied by myelin sheaths in white matter. There is a high rate 
of metabolic activity in the brain. This view is well correlated with the presence of 
large amount of cytoplasmic ribosomes which provide large amount of 
cytoplasmic ribosomes and sites for protein synthesis (Mcllwain and Bacheland, 
1971). Any change in protein concentration may influence the metabolic rate of 
tissue. It requires rapid synthesis and renewal of protein. According to Hyden and 
Lange (1972) increased neuronal activity decreases or inhibits the synthesis of 
protein. Proteins extensively mediate the specific neuronal functions, such as 
conduction of action potentials and synaptic transmission (Bock, 1978). Cells 
generally contain thousands of different proteins each with a biological activity. 
These functions include enzymatic catalysis (superoxide dismutase), molecular 
transport (hemoglobin), nutrition (casein), cellular defence (immunoglobulins), 
movement (tubulin), regulation (insulin) etc. The specific neuronal functions such 
as transmission are extensively mediated by proteins (Bock, 1978). It has been 
demonstrated that many environmental and nutritional functions may perturb brain 
protein (Mcllwain and bachelard, 1971). Free amino acids in brain are involved in 
a number of metabolic processes (Neame, 1969) and hence, demand for amino 
acid may possibly induce protein breakdown enabling animals to withstand toxic 
stress by performing neurochemical fiinctions. 
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This has wide implications as restraint stress damages biomoiecules-DNA 
(nucleolar and mitochondrial), RNA and protein. It is well-known that intensive 
stress response results in creation of ROS, e.g. hydrogen peroxide (H2O2), 
hydroxyl radical (HO") and superoxide anion radical can attack proteins, thereby 
disrupting cellular functions and integrity. ROS are closely involved in several 
diseases of the nervous system including Parkinson's disease. Schizophrenia and 
Alzheimer's disease (Smythies, 1999). 
There is no study on the ameliorative action of O. sanctum (OS) and C. 
sinensis (CS) against stress-induced damage of nucleic acids and protein. So, the 
present study was designed to assess the degree of assault on nucleic acids and 
proteins on exposure to restraint stress and protective effects of OS and CS to 
attenuate stress-induced alterations in nucleic acids and protein. 
Materials and Methods 
As described in Chapter 1. 
The animals were sacrificed on seventh day by cervical dislocation immediately 
after behavioral tests. The brains were dissected out into cerebrum, cerebellum and 
brain stem and rinsed with ice cold normal saline solution. The brain parts then 
subjected for the assay of nucleic acids (DNA, RNA) and protein. 
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Isolation of Nucleic acids 
The method of Searchy and Macinnis (1970) was used for the isolation of nucleic 
acids. Different brain regions were weighed and homogenized in 5.0 ml of 0.5N 
perchloric acid. The homogenate was heated at 90°C in boiling water bath for 10 
min then cooled and centrifuged at 3,000 rpm for 10 min. Supematants were taken 
in graduated test tubes and the volume was maintained up to 5.0 ml with 0.5N 
perchloric acid. This extract was used in the estimation of DNA and RNA. 
Estimation of DNA 
DNA was estimated by the following method of Burton (1956). 
Principle: Deoxyribose is converted into highly reactive hydroxy vulaldehyde 
which react with diphenylamine (DPA) to give a blue coloured complex. 
Deoxyribose sugar + DNA • hydroxy vulaldehyde 
Chemicals and reagents 
Diphenylamine reagent: 1.5 gm diphenylamine was dissolved in about 50-60 ml 
glacial acetic acid. 1.5 ml cone. H2SO4 was added to it and the final vol was made 
upto 100 ml with glacial acetic acid. 
Procedure 
2.0 ml of the perchloric acid supernatant of nucleic acid extract was taken in a test 
tube. To this 4.0 ml diphenylamine (15% in CH3COOH-H2SO4) was added and the 
tubes were heated on boiling water bath for 15 min. After cooling, the colour 
intensity was measured at 600 nm against a blank sample (2.0 ml DDW in place of 
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supernatant). A standard curve was prepared by using standard solution in 0.5 
NHCIO4 (100-600|Lig) according to the procedure described. The values were 
plotted by the least square method. 
Calculation 
DNA = CxV/VtxWt 
Where, 
C = Cone. In mg (in 20 ml extract) 
V = Total volume of the extract (4.0 ml) 
Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg 
DNA in the reaction product was calculated using the standard curve of 
DNA that was run simultaneously with the test sample. Results were expressed as 
mg DNA / gm tissue weight. 
Estimation ofRNA 
RNA was estimated by the method of Dische (1955). 
Principle 
Pentose sugars are converted to furfural derivatives by heating with cone. HCl in 
the presence of FeCls solution. The furfural derivatives react with orcinol and 
produce a green coloured complex. 
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Chemicals and reagents 
Orcinol reagent: 33.0 mg Ferric chloride was dissolved in about in 50 ml cone. 
HCl, 3.5 ml 6% orcinol (dissolved in absolute alcohol) was mixed in it and the vol 
was made upto 100 ml with HCl. 
Procedure 
2.0 ml of the supernatant of nucleic acid was taken in test tubes. 4.0 ml of the 
orcinol reagent was added to it. Test tubes were heated in boiling water bath for 15 
min then cooled and the absorbance was read at 660 nm against a reagent blank. 
Calculation 
RNA = CxV/VtxWt 
Where, 
C = Cone. In mg (in 20 ml extract) 
V = Total volume of the extract (4.0 ml) 
Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg. 
RNA content in the samples was calculated using the standard curve. The 
results were expressed as mg RNA / gm fresh tissue weight. 
Estimation of Protein 
Protein estimation was done according to Lowry et al. (1951). 
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Principle 
The method is based on the colour reactions of amino acids-tryptophan and 
tyrosine with Folin phenol reagent. Due to the reaction of these amino acids with 
phosphomolybdic acid and the phosphotungstic acid (present in Folin's reagent) a 
blue colour is formed. The colour is the result of reduction of phosphomolybdic 
acid and biuret reaction of proteins with Cu ions in alkaline medium O.D. was 
read at 625 nm. 
Chemicals and reagents 
1. Standard solution: A standard solution of 1.0 mg BSA / ml was prepared. 
Stock standard was diluted ten times to get the working standard of 100|ig / 
ml. 
2. Copper reagent 
Reagent A: 4.0% Sodium carbonate in DDW. 
Reagent B: 2.0% Copper sulphate in DDW. 
Reagent C: 4.0%) (w/v) Sodium potassium tartarate in DDW. 
Alkaline Copper Reagent: 1.0 ml of reagent B + 1.0 ml of reagent C + 48 
ml of reagent A were mixed in the same sequence. 
3. Folin - Ciocalteau Phenol reagent: 2 N solution obtained commercially was 
diluted 1:1 with DDW before use. 
Procedure 
The supernatant was taken for nuclei acid estimation and the residue left in the 
test tubes were dissolved in 5.0 ml of DDW. 0.1 ml of the aliquot was taken in 
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the test tubes from this solution and the vol was increased upto 1.0 ml with 
DDW. To this, 5.0 ml of Copper reagent was added and shaken thoroughly on 
a cyclo-mixer. After 10 min, 1.0 ml of Folin - Ciocalteau reagent was added. 
Blue colour was developed. O.D. was read at 625 nm exactly after 30 min. 
Standard protein solution (BSA 20-lOO^g) and blank were run simultaneously. 
Calculation 
Protein in the samples was calculated using the standard curve of BSA and the 
results were expressed as mg / g weight of wet tissue. 
Statistical analysis 
Results are expressed as Mean ± S.E.M. Nucleic acids and protein levels were 
analysed by Student's /-test using SPSS (10.0) statistical software. P < 0.01 
and P < 0.001 were considered as statistically significant. 
Results 
Deoxyribonucleic acid 
Restraint stress (3h/day for 6 days) significantly inhibited the level of DNA in 
cerebrum, cerebellum and brain stem as compared to control group {P < 
0.001). The maximum inhibition of DNA was in cerebrum, cerebellum (30%, 
31%) and minimum in brain stem (26%). Post-treatment of OS and CS (100 
mg/kg for 6 days) significantly recovered DNA level 29%, 27% in cerebrum, 
32%, 29% in cerebellum and 25%, 20% in brain stem respectively as compared 
to restraint stress group (P < 0.001, P < 0.01). When control animals were 
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compared with OS and CS per se group, there was no significant difference. 
Thus, OS and CS on its own did not alter DNA levels (Table 10, Fig 15). 
Ribonucleic acid 
RNA level was decreased significantly in various region of brain after restraint 
stress as compared to control group (P < 0.001). The inhibition of RNA was 
27% in brain stem, 22% in cerebrum and 25% in cerebellum. This decreased 
level was significantly brought back to normal level after post-administration 
of OS and CS as compared to stress group (P < 0.001, P < 0.01). OS and CS 
increased the level of RNA 21%, 23% in cerebrum 26%, 27% in cerebellum 
and 27%, 28% in brain stem. OS and CS groups did not show any significant 
change (Table 11, Fig 16). 
Protein 
Protein levels were also significantly inhibited by restraint stress in all three 
regions of brain in comparison to their respective control group (P < 0.05). The 
maximum inhibition of protein was in cerebrum and cerebellum (23%, 24%) 
and minimum in brain stem (17%). OS and CS administration were found to 
induce significant increment of protein level in different regions of brain (P < 
0.05, P < 0.01). OS and CS increased the level of protein 26%, 24% in 
cerebrum, 29%, 27% in cerebellum and 15%, 14% in brain stem. OS and CS 
were not shown any significant change, respectively (Table 12, Fig 17). 
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Discussion 
3h/day of restraint stress for 6 days resulted in the generation of oxidative 
stress / reactive oxygen species (ROS) in all three regions (cerebrum, 
cerebellum and brain stem) of brain in rats by decreasing the levels of nucleic 
acids (DNA, RNA) and protein. Restraint / immobilization stress is a well 
known method for the production of chronic physical and emotional stress 
(Singh et al., 1993). Decline in nucleic acids and protein may be due to DNA 
damage caused by the free radicals and inhibition of RNA by direct interaction 
of ROS. The predominant radicals encountered in higher organisms are 
superoxide (O2), peroxyl (ROO'), nitroxy (NO') and hydroxyl (HO') radicals 
(Kappus, 1985). Hydroxyl radical (HO') is more reactive and is capable of 
causing damage to biomolecules such as lipids, proteins and DNA. It is 
generally recognized that in physiological system HO' is produced under 
aerobic condition by Fenton's reaction (Chen and Schopfer, 1999) and its 
interaction with DNA causes oxidative damage. DNA damage such as single 
and double strand breakage, base modification, and cross-linking of DNA with 
other biomolecules particularly proteins are reported to be early events of 
diseases (Cadet et al., 1997). Chronic exposure of tissues to excess HO' 
therefore could predispose to cancer, cardiovascular diseases, cataract and 
neurological disorders (Vaya and Aviram, 2001). It was shown that different 
regions of the brain had different DNA concentrations, with the maximum in 
cerebellum. Our findings are in agreement with the observation of May and 
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Grenell (1959). Greater amount of DNA in cerebellum reflects the extreme cell 
density of cerebellar granular layer. This observation finds support from the 
earlier reports of Naqvi and Hasan (1992) from our laboratory. Production of 
free radicals increased during restraint stress and in presence of metallic ions 
(Durakova et al., 1993). Oxygen radicals can attack proteins, nucleic acids and 
lipid membranes, thereby disrupting cellular functions and integrity. Free 
radicals could react with nuclear DNA and produce somatic mutations, 
deletions and strand breaks. Our results provide strong evidence that H2O2 and 
O2 cause DNA damage because LPO products were increased with the passage 
of time as well as restraint stress (Gupta et al., 1991). The RNA levels were 
depleted significantly in all three regions of brain after restraint stress. This 
type of damage may be an important factor in restraint stress. Inhibition of 
RNA with oxidative stress has been reported in different parts of brain (Zahir 
et al., 2006; Verma and Chakraborti, 2008). So, our findings are in support of 
these studies. RNA may be more susceptible to damaging agents than DNA for 
different reasons. RNA is indeed mostly single-stranded and its bases are 
neither protected by hydrogen bonding nor located inside the double helix. So 
free radicals easily attack on it. Oxidative RNA damage has been described in 
several neurodegenerative diseases including Alzheimer disease, Parkinson 
disease, dementia with Leny bodies, and prion disease. Oxidative RNA 
damage is also a feature in vulnerable neurons at the earliest stages of these 
diseases suggesting that RNA oxidation may actively contribute to the onset or 
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to the development of disease (Nunomura et al., 2006). Nucleic acids of all 
organisms are continuously damaged by extrinsic and intrinsic physical and 
chemical agents. It is highly probable that significant damage to RNA occurs 
when cells are exposed to nucleic acids damaging agents. There are only few 
studies about the causal effects of stress on protein oxidation in the brain (Liu 
et al., 1996). In our study, a decrease in protein content of rats by restraint 
stress may be attributed to accumulations of constituents like phospholipids 
and cholesterol in the brain. Decrease in protein level also suggests high rate of 
utilization of protein in restraint stress. ROS produced by restraint stress are 
required in body to perform important tasks e.g., they can act as signal 
messenger and trigger molecules (Halliwell and Gutteridge, 1999). Enhanced 
ROS damage nucleic acids and protein at least in early disease progression 
(Halliwell, 2001). 
OS and CS by virtue of their antioxidant properties protect nucleic acids 
and protein and from free radical mediated injury owing to restraint stress 
exposure. The present study clearly indicates that post-treatment of OS and CS 
for 6 days following restraint stress resulted in significant elevation of nucleic 
acids and protein contents in different brain parts of rats as compared to 
restraint stress group. This might be due to an ability of both of these plants 
aqueous extracts to decrease adduct formation. Our results strongly in favour 
of Verma and Chakraborti (2008) in which nucleic acids and protein contents 
increased by Emblica officinalis aqueous extract in liver and kidney induced 
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by ochratoxin. Although, the protective effect of OS on brain against stressors 
had been documented and the mechanism of action of OS extract has to be 
elucidated. Balanehru and Nagarajan (1992) had reported the reduction in free 
radical level by the component ursolic acid separated from OS extract. Thus it 
could be possible that the protective action of OS might be through the 
suppression of free radicals. The increased nucleic acids and protein is 
therefore, an indication that the brain's antioxidant machinery is activated to 
excessive generation of free radicals (Bannister et al., 1987). Presence of 
flavonoids in OS may be held responsible for its attenuating activity because 
flavonoids have been reported as potentially useful exogenous agents in 
protecting the aging brain, other organs and tissues of the body against free 
radical induced damage (Blaylock, 1999). So it is evident now that OS 
prevents the stress-induced changes not only in the antioxidant system, central 
cholinergic system, cardiac system (Yanpallewar et. al., 2004; Sembulingam 
et. al., 2005; Sood et al., 2006) but also in central dogma. Many of the 
pharmacological activities reported for CS extracts have been found to be due 
to the polyphenol content (Ikeda et al., 1992). These polyphenols may be held 
responsible for its attenuating activity. Catechins are the main bioactive 
constituents of CS leaves. It is well-known, that catechins contain free radical 
scavenging properties and act as biological antioxidants. Catechins exert their 
antioxidant effects through the ultra rapid electron transfer from catechins to 
ROS-induced radical sites on DNA (Anderson et al, 2001). They can protect 
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different cells from LPO and DNA deamination induced by oxidative stress. 
This is evidenced by the fact that CS extract can decrease LPO in the liver, 
serum and brain (Skrzydlweska et al., 2002). So, it can be said that CS extract 
decrease LPO and increase nucleic acids and protein by damaging free radicals 
during restraint stress. Recently, it has been demonstrated that epigallocatechin 
gallates (green tea polyphenol) inhibit oxidative damage to DNA induced by 
NO (Tsujjmoto and Schimizu, 2000). So, our study is greatly supported to this 
study. It is further supported with the medicinal effects of tea constituents 
including activation of leucocytes (Sakagami et al., 1992), antioxidant (Xu et 
al., 1992) and antimutagenic activities, protection from the effects of radiation 
(Uchida et al., 1992). DNA, RNA and protein protection with these medicinal 
plants in as following order: OS>CS, CS>OS and OS>CS, respectively. 
Conclusion 
Thus, it could be concluded that restraint stress caused a significant damage to 
DNA, RNA and protein in cerebrum, cerebellum and brain stem. OS and CS 
significantly ameliorated stress-induced oxidative damage and thus may play 
an important role in neurodegenerative diseases related to stress. 
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CfutpterS 
Antimuta^enic effects ofO. 
sanctum andC sinensis on 
micronncCei induction 
Introduction 
The bone marrow micronucleus test (MNT) was first developed by Bollar and 
Schmid (1970) as a simple assay system for cytogenetic analysis. Bone marrow 
cells are most commonly used targets in vivo studies. A number of subsequent 
reports demonstrated the potential of using bone marrow micronuclei for 
evaluating the clastogenicity of several chemical substances (Matter and Schmid, 
1971; Heddle, 1973; Schmid, 1975, 1976; MacGregor et al., 1980; Heddle et al, 
1983; Choy et a/., 1985; MacGregor, 1987; Choy et al, 1993; Ateeq et al, 2002; 
Siddiqui et al., 2006). This is however, evident that the micronucleus in vivo test is 
a method primarily meant to screen chemicals for chromosome-breakages (Von 
Ledebur and Schmid, 1973; Schmid, 1976; Salamone and Heddle, 1983). 
Micronuclei can be found in myeloblasts, myelocytes and erythroblasts (Schmid, 
1975). In cell types with little cytoplasm, they are not always easily 
distinguishable from normal nuclear lobes or projections (Schmid, 1975). Later 
on, mouse bone marrow MNT gained a wide acceptability in mutagenicity testing 
and was approved by legislative and international agencies (Yamamoto and 
Kikuchi, 1980). 
The mammalian rodent micronucleus (MN) assay has been widely used in 
genotoxicity assessment as a part of product safety evaluation (Schmid, 1975; 
Hayashi et al., 1994). The International Conference on Harmonization (ICH) 
guidelines recommends that this is a standard in vivo genotoxicity assay (ICH, 
1999). Heddle and Carrano (1977) applied two different procedures to assay 
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micronuclei, one of which involved Feulgen stain with subsequent scoring of 
micronuclei that occur close to main nuclei (Heddle, 1973) and the other a typical 
stain for polychromatic erythrocytes (PCE) (Boiler and Schmid, 1970). In this 
assay, the historical vehicle control data of a laboratory form an important 
component in the assay performance and data interpretation (Hayashi et al., 1994). 
Salamone and Mavoumin (1994) published a review article describing vehicle 
control ranges from a number of laboratories with a variety of mouse strains. Also, 
in the literature, a variety of positive controls and their MN responses have been 
described (Schmid, 1975; Heddle et al., 1983; MacGregor et al., 1987). 
Although the production of micronuclei as a result of chromosome loss or 
chromosome breakage has been known for many years (Wilson 1925; Evans et al., 
1959; Fliedner et al., 1964) a new interest in micronuclei has arisen as a means of 
rapid screening for mutagens among the many thousands of chemicals to which 
people are exposed (Boiler and Schmid, 1970; Heddle, 1973). Micronuclei have 
also been induced by a number of pesticides in plants and animals (Majumdar and 
Hall, 1973; Bhunya and Bahera, 1984). Recent studies have suggested that mono-
and trichloroacetic acid show the genotoxic activity in rodents (Bhunya and 
Bahera, 1987; Siddiqui et al., 2006). A micronucleus indicates the occurrence of a 
chromosomal aberration but does not specify the type of aberration. However, 
micronuclei induced by spindle poisons are in general, considerably larger than 
those induced by clastogens (Schmid, 1975). Therefore, a detailed analysis on the 
size of micronuclei may suggest the action site of an agent that is positive in the 
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micronucleus test. It is possible to analyze the action site of micronucleus-
inducing agents on the basis of the relative sizes of micronuclei (Yamamoto and 
Kikuchi, 1980). 
The frequency of micronuclei has been used to estimate radiation effects in 
early 1960s in Viciafaba root tip meristems (Evans et al., 1959). More recently 
Hayashi et al. (1900) have developed a simple technique to detect micronuclei in 
erythrocytes of peripheral blood of mice. 
One of the difficulties in using frequencies of micronuclei in vitro studies 
has been the influence of proliferation of cells in culture. This was overcome by 
the introduction of cytochalasin B (which inhibits cytokinesis thus forming 
binucleated cells) by Fenech and Morley (1985). This has become a routine 
method in vitro studies as well as in population monitoring studies. Micronuclei 
derived from acentric chromosome fragment can be distinguished from those 
derived from whole chromosome fragment can be distinguished from those 
derived from whole chromosome by FISH using a pancentromeric probe, which 
will detect the centromere in the micronucleus. Thus, clastogenic and aneugenic 
effect in genotoxicity testing of newly introduced chemicals (pesticides, 
insecticides) in the environment and drugs (Elhajouji et al., 1995). 
It has been known for a long time that stressful stimuli can cause various 
hematological changes including eosinopenia. Among the hematological responses 
to stress, however, some seem to vary with the type, severity and duration of stress 
employed (Cash, 1972; Ohri, et al., 1983). With respect to their hematological 
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profile, SART (specific alteration of rhythm in temperature) stressed animals have 
been reported to show increased erythrocyte and neutrophil counts (Yoneda et al., 
1979). SART stress-induced changes in platelet count and related parameters were 
studied by Hata et al. (1988) and concluded that SART-stressed mice may be 
characterized by the presence of thrombocytopenia. 
Stress induces a significant decrease in numbers and percentages of 
lymphocytes and monocytes and increase in numbers and percentages of 
neutrophils in the blood (Dhabhar et al., 1995). The basic phenomenon of stress-
induced changes in blood leukocyte numbers has been recognized (Herbert and 
Cohen, 1993). The reducdon in lymphocyte count was also noficed in rats exposed 
to restraint stress (Steplewski and Vogel, 1986). 
In order to prevent the toxic and carcinogenic effects of environmental 
contaminants and stress the antioxidants are particularly appropriate candidates for 
use by the general population. Reports are available regarding the antistressor 
activity of 0. sanctum (OS) on the changes induced by different stress agents 
(Sakina et al., 1990; Singh et al., 1991). The antistressor effects of OS leaves on 
noise induced changes in plasma corticosterone level and leucocytes have also 
been reported (Sembulingam et al., 1997a; 1999). Orientin and vicenin, two water 
soluble flavonoids isolated from the aqueous leaf extract of OS have shown 
significant protection against radiation lethality and chromosomal aberrations in 
vivo (Vrinda and Uma Devi, 2001). 
Among the various types of tea, green tea (CS) contains a relatively high 
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level of polyphenols, which consist of flavonol monomers (flavan-3-ols), also 
referred to as catechins. CS polyphenols have been reported to inhibit the 
mutagenicity of a number of aryl and heterocyclic amines, aflatoxin Bl, benzo (a) 
pyrene, 1,2-dibromoethane and 2-nitropropane in Salmonella typhimurium TA98 
and TAIOO strains with the inclusion of rat liver S9 fraction in the test system 
(Weisburger et al., 1996). An earlier report was confirmed the antimutagenic 
activities of catechin, epicatechin and CS extract (Geetha et al., 2004b). 
Thus, from earlier studies it can be say that much has been discussed about 
the protective effects of OS and CS on genotoxicity. However, no study was done 
on restraint stress-induced genotoxicity and its protection by aqueous extracts of 
OS and CS. So, we investigated the protective effects of OS and CS to inhibit the 
restraint stress-induced mutagenicity in the bone marrow of Rattus norvegicm. 
Materials and Methods 
As described in Chapter 1. 
Micronucleus Test Assay 
Chemicals and Reagents 
(i) Fetal Bovine Serum (FBS) 
(ii) Methanol 
(iii) Giemsa stain 
(iv) Glycerol 
(v) Xylene 
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(vi) DPX 
Procedure 
Slides of each MNT preparation/dose were made. All of them were processed 
according to Schmid (1975). 
Restraint stress (3h/day for 6 days), OS and CS (100 mg/kg for 6 days) given 
orally into the test animals 
Animals were sacrificed on 7 day i 
Both femora were dissected out and their cells flushed out with 1ml of fetal bovine 
serum (FBS) by pipetting it several times 
Aliquot of cell suspension was centrifuged at 1,000 rpm for 5 min 
Finally, cell pellet resuspended in a small amount of FBS and smeared on a clean 
glass slide I 
Dried over night 
1 
Fixation was performed in 100% methanol for 5 min 
Fixed slides were stained in Giemsa 5% for 10 min. 
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i 
Cleaning was done by Xylene 
Mounting with D.P.X 
All preparation were labelled and observed immediately 
Microscopic analysis 
Labelled slides of controls as well as those of treatments were scored by a single 
observer and screened for micronuclei under the magnification 40X. The right area 
on the slide was selected for scoring where the erythrocytes were well separated, 
not folded and could clearly be discriminated. Well-stained slides were chosen for 
the photomicrograph at 40 and lOOX with lOX eye piece. 
Statistical analysis 
Statistical evaluation was done by applying Student's /-test, and values were 
considered significant at /* < 0.05. 
Results 
Rats were treated with restraint stress of 3 hrs for six days consecutively and the 
OS and CS were also administered with or without restraint stress to find out the 
ameliorative action of these medicinal plants. MN Frequency of bone marrow cells 
in stressed conditions has been presented in Table-13; the counts were used to 
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calculate mean frequency and standard deviation (SD). The optimal time of 
sacrificing the animal was the peak time of exposure post-administration. 
According to obtained data, a significantly high value of MN induction 
occurs in PCEs on sixth day exposure of restraint stress as compared to their 
controls. The mean frequency of MN by using 3hrs/day for 6 days post-
administration was recorded to be 3.75±0.3 and 0.34±0.1 of control group (Table-
1; ? < 0.05). CS and OS did not show any mutagenic effect (0.42 ± 0.2 and 0.36 ± 
0.1) on the bone marrow cells of rats while CS and OS (100 mg/kg) in 
combination restraint stress reduced the effect of restraint stress. The Fig. 18 
indicates the location and existence of micronuclei (MN) in polychromatic 
erythrocytes (PCEs). PCEs of R. norvegicus were generally observed as round 
with considerable cytoplasm around it. Distribution studies of MN revealed one 
micronucleus per cell in most of the observations, though some cells may have 
two to three per MN (Fig. 18) and the reduction was significant. Importance of 
sampling times to coincide with the maximum response of MN induction and 
altered cells was authenticated by the samplings followed in our studies. It clearly 
showed the presence of time and stress-dependent increase in this 
experimentation. 
129 
a 
i 
o 
% 
o 
O 
::^ 0 
.' I 
B 
Fig. 18: Photomicrograph showing the normal plate of polychromatic 
erythrocytes (A) and micronuclei induction in polychromatic 
erythrocytes (B) by restraint stress. 
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Table. 13: Micronuclei induction in bone marrow cells treated in vivo by restraint 
stress and its inhibition by O. sanctum and C. sinensis on Rattus 
norvegicus. 
Treatment 
Control 
RS 
RS + OS 
OS 
RS + CS 
cs 
Exposure 
(hrs/day) 
3 
3 
3 
3 
3 
3 
Number of 
animal (n) 
6 
6 
6 
6 
6 
6 
Total scored 
cells PCEs 
6000 
6000 
6000 
6000 
6000 
6000 
1775 
1126 
1320 
1656 
1086 
1646 
Total no. of 
MNPCEs 
06 
26 
7 
6 
7 
7 
Mean frequency 
ofMN 
X(%) ±SD 
0.34 ±0.1 
3.75 ±0.3* 
0.57 ±0.4 
0.36 ±0.1 
0.68 ± 0.2 
0.42 ± 0.2 
* Significantly higher than the respective control value {P < 0.05). 
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Fig. 19: Bar diagram showing micronuclei induction by restraint stress and 
ameliorative action due to O. sanctum and C. sinensis on bone 
marrow cells of Rattus norvegicus. 
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Discussion 
Literature on the effect of Restraint stress (RS) on mammalian systems is very 
limited and on bone marrow cells of Rattus norvegicus is still scare. In R. 
norvegicus, RS induced significant cytogenetic damage in bone marrow cells 
(BMCs), leading to micronucleus (MN) induction by chromosomal damage among 
the rats treated with RS for 3 hrs per day for six days (Table 13). 
In the present study, after treating R. norvegicus with RS for 6 days daily, a 
stress and duration-dependent increase of micronuclei formation in PCEs were 
recorded. Our data demonstrate that RS acts as a mutagen and it can damage the 
chromosomal DNA as indicated by MN. The MN values were higher (3.73±0.3) 
and showed the significant level dXP < 0.05 when Student's ^test applied. It is an 
interesting and noble finding which shows the maximum MN induction by RS. 
Only few studies have focuses attention on the mechanism of MN 
formation by RS while numerous studies have revealed that exhausting physical 
activity and severe environmental and/or psychological stress have strong 
suppressive effects on the immune system (Ader and Cohen, 1993). Such 
suppression of the immune system has significant implications for disease 
susceptibility and progression. Investigations in both humans and animals have 
revealed that stress could promote tumor development (Sklar and Anisman, 1979), 
autoimmunity (Shanks and Kusnecov, 1999), and infectious diseases by 
influencing the onset, course, and outcome of the pathological processes (Sheridan 
et al., 1998). Interestingly, acute psychological stressors and moderate physical 
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exercise transiently enhance immune responses (Nieman and Pedersen, 1999). In a 
rodent model, Dhabbar and McEwen (1999) demonstrated that acute restraint 
stress (2h) could considerably enhance delayed-type hypersensitivity reaction. In 
addition, acute stress has also been shown to increase antibody production 
(Persoons et al., 1995). Our findings also observed micronuclei induction after 
restraint stress and supports to these studies for the damaging effects of RS in bone 
marrow cells. Though various changes in the immune system have been shown to 
be associated with stress, the exact mechanisms responsible for stress-modulated 
immune response remain to be elucidated. 
The stress induced reduction in lymphocyte count was attributed to 
redistribution and trapping of lymphocytes in lymph nodes (Selye, 1956). Under 
normal conditions in rats, the neutrophil count is less than that of lymphocyte 
(Steplewski and Vogel, 1986). There is an inverse relation between these two cells 
both in basal conditions and stressed conditions. Thus, the stress induced increase 
in neutrophil count could be secondary to reduction in lymphocyte count. 
Several clinical investigations have shown that stress can cause quantitative 
and/or qualitative alterations in human platelets (Cash, 1972; Ohri et al., 1983; 
Colwell, 1986). The circulating platelet count is essentially regulated by 
production in the bone marrow, destruction and accumulation in the spleen, and 
intravascular consumption (Hata et al., 1988). There is also some evidence to 
suggest that platelet adhesiveness and/or aggregability may transiently increase 
following exercise and acute mental stress (Cash, 1972; Colwell, 1986). In 
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laboratory animals, however, studies concerning the relation between stress and 
platelets have been comparatively few, although some investigators have reported 
that some special forms of stress such as hypoxia (Jackson and Edwards, 1977), 
magnetic fields (Gorczynska and Wegrznowicz, 1983) and hypothermia 
(Yoshihara et al., 1985) lead to thrombocytopenia. Thus, the relation between 
stress and platelets is complicated and the effects of severity and duration of stress 
and species differences still remain to be elucidated. 
The bone marrow megakaryocyte count is an important parameter 
reflecting platelet producibility and is practically utilized for clinical diagnosis. 
The augmented megakaryocyte count in SART-stressed mice is thought to indicate 
enhanced production of platelets. In the present study, we evaluated micronucleus 
incidence in bone marrow cells on R. norvegicus by RS and examine the data that 
was higher and significant (P < 0.05). 
In the present investigation, we evaluate the CS and OS as antimutagens 
against restraint stress (3h/day for 6 days) with the combination of RS and alone, 
respectively. Green tea (C. sinensis) has well recognized antimutagenic properties 
against several mutagens (Kada et al., 1985; Kuroda and Hara, 1999; Siess et al., 
2000) and tulsi (OS) has also been used as an antistressor and antimutagen 
(Bhargava and Singh, 1981; Sakina et al., 1990; Ganasoundari et al., 1997; Beric 
et al., 2008). Extracts or other purified preparations of phenolic rich foods offer 
antioxidant, antibacterial, anti-inflammatory, antiviral, antimutagenic, anti-
carcinogenic, vasodilatory, and neuroprotective properties (Middleton et al., 2000; 
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Scalbert et al., 2005; Soobrattee et al., 2005, 2006). There is a compelling interest 
in understanding the effect of the polyphenol/flavonoid content within human 
foods such as leafy vegetables, edible root crops, grapes, apples, mangoes, onions, 
cocoa, com, buckwheat, redwine, and tea because of the potential health benefits 
from these compounds (Hammerstone et al., 1999; Santos-Buelga and Scalbert, 
2000; Steinberg et al., 2003; Scalbert et al., 2005; Slies et al., 2005; Aruoma et al, 
2006; Yilmaz, 2006; Zaveri, 2006; Gu et al., 2006; Schroeter et al., 2006). 
Regarding possible genotoxicity or carcinogenicity effects, catechins and/or 
green tea extracts have been shown to be chemopreventive with respect to various 
mutagens or carcinogens, in both in vitro and in vivo systems (Arimoto et al., 
2003; Iwai et al., 2005). It has been postulated that the antioxidant properties of 
catechins constitute their main mode of action (MoA) in this chemopreventive 
effect. 
Chromosomal aberration assays of GTC with ROS scavengers 
demonstrated that H2O2 is responsible for the in vitro clastogenic potential of 
GTC. Available information indicates that H2O2 is generated in the presence of 
GTC due to the pro-oxidant property of catechins. In short, catechins reduce 
oxygen to form O2" and then further reduce this to form H2O2. 
The number of micronuclei in the animals influenced by epigallocatechin 
gallate alone did not differ from that of the control group. The formation of 
micronuclei and DNA damage in the form of comet tail length during single cell 
electrophoresis was significantly suppressed by EGCG in a dose dependent 
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manner (Roy et al. 2003). Our results also noted that the green tea leaves aqueous 
extract decrease the number of micronuclei in bone marrow ceils after the RS and 
CS did not show higher frequency of MN than control when induced alone. 
Available data on antigenotoxic potential of OS are limited and as per our 
knowledge, there are no studies on antigenotoxic features of OS leaves extract on 
bone marrow cells of R. norvegicus in respect to micronuclei induction. To our 
knowledge the first study to demonstrate beneficial effect of OS was against 
arsenic (Banu et al., 2008). The antioxidant activity of OS in vitro and in vivo is 
also confirmed in earlier reports (Ganasoundari et al., 1997a; Ganasoundari et al., 
1998). OS contains potent antioxidants flavonoids (orienfin, vicenin) (Vrinda and 
Uma Devi, 2001). 
It is interesting that OS flavonoids reduced spontaneous mutagenesis but 
only in strains deficient in mismatch repair. This indicates that they prevent (or 
promote repair of) DNA lesions which are normally subjected to mismatch repair. 
In addition (or alternatively), they may promote the repair of already induced 
DNA damage as indicated by their inhibitory effect (Beric et al., 2008). It is 
reported that OS pretreatment significantly reduced the exchange and multiple 
aberrations in comparison to radiation alone exposed groups, demonstrating 
protection against DNA double strand breaks and multiple lesions. The decrease is 
proportional to the radiation damage at a given dose which suggests that OS 
protection may be at the primary level of induction of DNA lesion (Ganasoundari 
etal., 1997). 
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The protective effect of OS flavaniods (Ot and Vc) was shown against 
gamma radiation-induced micronuclei in human peripheral blood lymphocytes. 
Even though the protective effect showed a dose-dependent increase, the effect 
was not significant (Vrinda and Uma Devi, 2001). The radioprotective effect of 
OS on radiation induced chromosomal aberrations is also reported whilst OS itself 
does not have any marked effect on the bone marrow chromosomes (Ganasoundari 
et al., 1997b). OS treatment also resulted in an earlier recovery of bone marrow 
cells as compared to radiation alone. OS protects mouse bone marrow 
chromosomes and significantly reduces the radiation induced chromosomal 
aberrations; this could explain the protection against bone marrow death of mice 
observed earlier (Uma Devi and Ganasoundari, 1995). In this study, we evaluate 
the OS against RS and our findings support the above studies as an antigenotoxic 
herbal drug. 
Conclusion 
Our results showed a stress-dependent increase in bone marrow polychromatic 
erythrocytes as micronuclei formation which suggests that the RS has a capability 
to damaging bone marrow cells and chromosomes and on the other hand OS and 
CS leaves extract (lOOmg/kg) inhibited the micronuclei induction with RS while 
OS and CS via oral intake did not show any damaging effect on bone marrow cells 
when applied alone. 
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